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With many digital interaction designs, we can choose to operate the devices from a variety of 
postures – what we call self-positioning. In this paper we test two of these choices – sitting vs 
standing  against  standard  neuropsychological  assessments  of  cognitive  executive  function. 
We show that such choices do have significant effects on various cognitive processes. We 
argue therefore that there is an opportunity to extend parameters of digital interaction design to 
include self-position in order to optimize that design’s effectiveness for its intended activity.  
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1. INTRODUCTION 
	 ﾠIn	 ﾠHCI	 ﾠwe	 ﾠhave	 ﾠbeen	 ﾠkeenly	 ﾠinterested	 ﾠin	 ﾠimproving	 ﾠtask	 ﾠperformance	 ﾠbased	 ﾠon	 ﾠinterface	 ﾠwidget	 ﾠ
designs	 ﾠthat	 ﾠcan	 ﾠimprove	 ﾠtarget	 ﾠacquisition,	 ﾠreduce	 ﾠnumber	 ﾠof	 ﾠsteps	 ﾠtaken	 ﾠfor	 ﾠtask	 ﾠcompletion	 ﾠand	 ﾠ
where	 ﾠsuccessful	 ﾠcompletion	 ﾠof	 ﾠa	 ﾠtask	 ﾠmay	 ﾠbe	 ﾠmeasured	 ﾠagainst	 ﾠnot	 ﾠonly	 ﾠerror	 ﾠfree	 ﾠprocess,	 ﾠbut	 ﾠ
experience	 ﾠ of	 ﾠ positive	 ﾠ affect	 ﾠ (Dillon	 ﾠ 2001)	 ﾠ as	 ﾠ well.	 ﾠ Within	 ﾠ these	 ﾠ metrics,	 ﾠ beyond	 ﾠoccasionally	 ﾠ
considering	 ﾠhow	 ﾠwell	 ﾠwe	 ﾠmight	 ﾠphysically	 ﾠmove	 ﾠour	 ﾠbodies	 ﾠwhile	 ﾠperforming	 ﾠa	 ﾠtask	 ﾠon	 ﾠthe	 ﾠgo	 ﾠand	 ﾠ
not	 ﾠ walking	 ﾠinto	 ﾠ a	 ﾠ tree	 ﾠ (Wilson	 ﾠ et	 ﾠ al.	 ﾠ 2006)	 ﾠ	 ﾠ we	 ﾠ have	 ﾠ rarely	 ﾠ considered	 ﾠ how	 ﾠ our	 ﾠ cognitive	 ﾠ
interactions	 ﾠmay	 ﾠbe	 ﾠaffected	 ﾠby	 ﾠthe	 ﾠbody,	 ﾠby	 ﾠthe	 ﾠbrain	 ﾠdoing	 ﾠits	 ﾠcognitive	 ﾠwork	 ﾠas	 ﾠpart	 ﾠof	 ﾠa	 ﾠbody-ﾭ‐
brain	 ﾠsystem.	 ﾠThere	 ﾠis	 ﾠmore	 ﾠgoing	 ﾠon	 ﾠthan	 ﾠthat	 ﾠthe	 ﾠbrain	 ﾠmoves	 ﾠthe	 ﾠfinger	 ﾠthat	 ﾠtouches	 ﾠthe	 ﾠscreen:	 ﾠ
the	 ﾠphysical	 ﾠstate	 ﾠof	 ﾠthe	 ﾠbody	 ﾠinfluences	 ﾠthe	 ﾠresponses	 ﾠof	 ﾠthe	 ﾠbrain	 ﾠthat	 ﾠthen	 ﾠmay	 ﾠaffect	 ﾠnot	 ﾠjust	 ﾠ
task	 ﾠperformance,	 ﾠbut	 ﾠwhether	 ﾠand	 ﾠhow	 ﾠwell	 ﾠthe	 ﾠtask	 ﾠis	 ﾠengaged	 ﾠat	 ﾠall.	 ﾠ	 ﾠ
In	 ﾠHCI	 ﾠit	 ﾠseems	 ﾠwe	 ﾠhave	 ﾠnot	 ﾠwell	 ﾠexplored	 ﾠeven	 ﾠhow	 ﾠsomething	 ﾠas	 ﾠsimple	 ﾠas	 ﾠour	 ﾠphysical	 ﾠself-ﾭ‐
positioning	 ﾠ(standing,	 ﾠsitting,	 ﾠlying	 ﾠdown)	 ﾠmay	 ﾠimpact	 ﾠnot	 ﾠjust	 ﾠon	 ﾠthe	 ﾠphysical	 ﾠability/comfort	 ﾠto	 ﾠ
perform	 ﾠa	 ﾠtask	 ﾠ(yes	 ﾠI	 ﾠcan	 ﾠreach	 ﾠthis	 ﾠkeyboard	 ﾠand	 ﾠsee	 ﾠthat	 ﾠscreen)	 ﾠbut	 ﾠon	 ﾠhow	 ﾠwell	 ﾠwe	 ﾠmight	 ﾠ
optimally	 ﾠbe	 ﾠable	 ﾠto	 ﾠperform	 ﾠthem.	 ﾠWhat	 ﾠif	 ﾠinsight	 ﾠwill	 ﾠalways	 ﾠcome	 ﾠin	 ﾠthe	 ﾠshower	 ﾠwhile	 ﾠmoving	 ﾠ
the	 ﾠbody	 ﾠ-ﾭ‐	 ﾠsoaping	 ﾠoneself	 ﾠ-ﾭ‐	 ﾠbut	 ﾠthe	 ﾠbreakthrough	 ﾠcalculation	 ﾠwill	 ﾠonly	 ﾠever	 ﾠhappen	 ﾠsitting	 ﾠdown	 ﾠ
still,	 ﾠleaning	 ﾠforward?	 ﾠThe	 ﾠimplications	 ﾠof	 ﾠsuch	 ﾠpositional-ﾭ‐cognitive	 ﾠaffordances	 ﾠand	 ﾠconstraints	 ﾠfor	 ﾠ
design	 ﾠbecomes	 ﾠimmediately	 ﾠapparent:	 ﾠwithout	 ﾠsuch	 ﾠunderstanding,	 ﾠwe	 ﾠcannot	 ﾠknow	 ﾠwhether	 ﾠwe	 ﾠ
are	 ﾠdesigning	 ﾠeffectively	 ﾠto	 ﾠsupport	 ﾠoptimal	 ﾠopportunities	 ﾠfor	 ﾠinstance	 ﾠfor	 ﾠcreativity,	 ﾠinnovation	 ﾠ
and	 ﾠdiscovery.	 ﾠ
Human	 ﾠFactors	 ﾠ(HF)	 ﾠresearch,	 ﾠone	 ﾠmay	 ﾠsay	 ﾠthe	 ﾠroot	 ﾠof	 ﾠwhat	 ﾠwould	 ﾠbecome	 ﾠHCI,	 ﾠhas	 ﾠcertainly	 ﾠbeen	 ﾠ
concerned	 ﾠwith	 ﾠphysical	 ﾠeffects	 ﾠon	 ﾠhuman	 ﾠperformance.	 ﾠKey	 ﾠtexts	 ﾠin	 ﾠHF	 ﾠ(Wickens	 ﾠet	 ﾠal.	 ﾠ2004)	 ﾠ
(Wickens	 ﾠand	 ﾠHollands	 ﾠ1999)	 ﾠdemonstrate	 ﾠconcern	 ﾠabout	 ﾠmeasuring	 ﾠstress	 ﾠon	 ﾠhumans	 ﾠin	 ﾠparticular	 ﾠ
situations	 ﾠand	 ﾠconsidering	 ﾠre-ﾭ‐design	 ﾠin	 ﾠthose	 ﾠfixed	 ﾠcontexts	 ﾠ–	 ﾠlike	 ﾠdisplay	 ﾠorganization	 ﾠwithin	 ﾠthe	 ﾠ
constraints	 ﾠof	 ﾠa	 ﾠcockpit	 ﾠ–	 ﾠto	 ﾠimprove	 ﾠwell	 ﾠdefined	 ﾠtask	 ﾠperformances	 ﾠlike	 ﾠstart	 ﾠthe	 ﾠengine;	 ﾠmonitor	 ﾠ
flight	 ﾠpath.	 ﾠHere	 ﾠthe	 ﾠbody	 ﾠand	 ﾠbrain	 ﾠseem	 ﾠlargely	 ﾠto	 ﾠbe	 ﾠanother	 ﾠsystem	 ﾠthat	 ﾠmust	 ﾠbe	 ﾠworked	 ﾠ
around	 ﾠwith	 ﾠits	 ﾠsoggy	 ﾠperformance	 ﾠconstraints	 ﾠin	 ﾠorder	 ﾠto	 ﾠmake	 ﾠanother	 ﾠsystem	 ﾠ(like	 ﾠa	 ﾠcockpit	 ﾠor	 ﾠ
surgical	 ﾠtheatre)	 ﾠwork	 ﾠbetter.	 ﾠIf	 ﾠwe	 ﾠstep	 ﾠoutside	 ﾠthe	 ﾠcockpit	 ﾠand	 ﾠinto	 ﾠblue	 ﾠsky	 ﾠas	 ﾠit	 ﾠwere	 ﾠ(defying	 ﾠ
gravity	 ﾠas	 ﾠwell),	 ﾠour	 ﾠgoals	 ﾠmay	 ﾠbe	 ﾠseemingly	 ﾠless	 ﾠtask-ﾭ‐definable.	 ﾠWe	 ﾠmight	 ﾠask	 ﾠhow	 ﾠdo	 ﾠwe	 ﾠbest	 ﾠAre You Sitting Down 
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design	 ﾠour	 ﾠinteractions	 ﾠwith	 ﾠinformation	 ﾠsystems	 ﾠ–	 ﾠand	 ﾠtheir	 ﾠenvironments	 ﾠ-ﾭ‐	 ﾠto	 ﾠenable	 ﾠus	 ﾠto	 ﾠbe	 ﾠ
more	 ﾠcreative,	 ﾠmore	 ﾠinsightful,	 ﾠin	 ﾠour	 ﾠwork?	 ﾠIn	 ﾠparticular,	 ﾠthe	 ﾠquestion	 ﾠwe	 ﾠwish	 ﾠto	 ﾠexplore	 ﾠis	 ﾠthat,	 ﾠ
since	 ﾠthere	 ﾠis	 ﾠa	 ﾠbody-ﾭ‐brain	 ﾠinteraction,	 ﾠhow	 ﾠmight	 ﾠthe	 ﾠbody’s	 ﾠeffect	 ﾠbe	 ﾠtaken	 ﾠinto	 ﾠaccount	 ﾠin	 ﾠsuch	 ﾠ
designs?	 ﾠ	 ﾠ
Work	 ﾠsituated	 ﾠas	 ﾠ“embodied	 ﾠinteraction”	 ﾠ(Dourish	 ﾠ2001)	 ﾠmay	 ﾠbe	 ﾠseen	 ﾠas	 ﾠthe	 ﾠfirst	 ﾠstep	 ﾠin	 ﾠHCI	 ﾠto	 ﾠ
take	 ﾠthe	 ﾠbody	 ﾠout	 ﾠof	 ﾠtask-ﾭ‐based	 ﾠHF	 ﾠdesign	 ﾠconstraints.	 ﾠIt	 ﾠsuggests	 ﾠthat	 ﾠthere	 ﾠis	 ﾠnot	 ﾠonly	 ﾠdesign	 ﾠ
value	 ﾠbut	 ﾠimportant	 ﾠsocial	 ﾠimplications	 ﾠin	 ﾠconsidering	 ﾠthat	 ﾠwe	 ﾠare	 ﾠboth	 ﾠphysically	 ﾠpresent	 ﾠas	 ﾠpart	 ﾠof	 ﾠ
social	 ﾠsystems,	 ﾠand	 ﾠphysical	 ﾠbeings	 ﾠwho	 ﾠcan	 ﾠdo	 ﾠmore	 ﾠwith	 ﾠour	 ﾠhands	 ﾠand	 ﾠeyes	 ﾠthan	 ﾠpush	 ﾠkeys	 ﾠand	 ﾠ
read	 ﾠcharts.	 ﾠDesigners	 ﾠand	 ﾠtheorists	 ﾠin	 ﾠthe	 ﾠspace	 ﾠhave	 ﾠpushed	 ﾠon	 ﾠleveraging	 ﾠthese	 ﾠoften	 ﾠimplicit	 ﾠ
attributes	 ﾠ(Chalmers	 ﾠand	 ﾠGalani	 ﾠ2004)	 ﾠof	 ﾠphysicality	 ﾠand	 ﾠpresence	 ﾠfor	 ﾠdesign	 ﾠexploration.	 ﾠ	 ﾠ	 ﾠ
In	 ﾠthis	 ﾠpaper	 ﾠwe	 ﾠpropose	 ﾠa	 ﾠpotential	 ﾠjoining	 ﾠof	 ﾠhuman	 ﾠfactors	 ﾠinformed	 ﾠknowledge	 ﾠof	 ﾠcognitive	 ﾠ
performance	 ﾠwith	 ﾠembodied	 ﾠinteraction	 ﾠvalues	 ﾠin	 ﾠorder	 ﾠto	 ﾠexplore	 ﾠa	 ﾠmore	 ﾠparticular	 ﾠaspect	 ﾠof	 ﾠthe	 ﾠ
embodied	 ﾠbeing,	 ﾠone	 ﾠthat,	 ﾠat	 ﾠleast	 ﾠinitially,	 ﾠis	 ﾠless	 ﾠphenomenological	 ﾠand	 ﾠmore	 ﾠneurological	 ﾠto	 ﾠ
better	 ﾠunderstand	 ﾠhow	 ﾠthe	 ﾠbody	 ﾠmay	 ﾠcontribute	 ﾠto	 ﾠimproving	 ﾠtraditional	 ﾠand	 ﾠnovel	 ﾠinteraction	 ﾠ
designs.	 ﾠ
As	 ﾠa	 ﾠstarting	 ﾠpoint	 ﾠon	 ﾠcrafting	 ﾠthis	 ﾠmap	 ﾠof	 ﾠthe	 ﾠbody-ﾭ‐brain	 ﾠdynamic,	 ﾠwe	 ﾠwish	 ﾠto	 ﾠunderstand	 ﾠhow	 ﾠself-ﾭ‐
kinetic	 ﾠ performance	 ﾠ –	 ﾠ how	 ﾠ self-ﾭ‐position	 ﾠ and	 ﾠ self-ﾭ‐movement	 ﾠ -ﾭ‐	 ﾠ affects	 ﾠ cognitive	 ﾠ performance.	 ﾠ
Related	 ﾠwork	 ﾠin	 ﾠcognitive	 ﾠneuroscience	 ﾠ(Ratey	 ﾠand	 ﾠLoehr	 ﾠ2011)	 ﾠshows	 ﾠus	 ﾠthat	 ﾠregularly	 ﾠphysically	 ﾠ
active	 ﾠpeople	 ﾠperform	 ﾠbetter	 ﾠon	 ﾠcognitive	 ﾠtests.	 ﾠOur	 ﾠquestion	 ﾠfor	 ﾠdesign	 ﾠin	 ﾠregarding	 ﾠbody-ﾭ‐brain	 ﾠ
interaction	 ﾠis,	 ﾠmay	 ﾠthe	 ﾠeffects	 ﾠof	 ﾠthe	 ﾠbody	 ﾠbe	 ﾠmore	 ﾠsubtle	 ﾠand	 ﾠimmediate	 ﾠthan	 ﾠthose	 ﾠwrought	 ﾠby	 ﾠ
persistent	 ﾠworking	 ﾠout	 ﾠor	 ﾠby	 ﾠa	 ﾠsudden	 ﾠattack	 ﾠof	 ﾠthe	 ﾠflu.	 ﾠWe	 ﾠwish	 ﾠto	 ﾠexplore	 ﾠif	 ﾠand	 ﾠhow	 ﾠthe	 ﾠcurrent	 ﾠ
state	 ﾠof	 ﾠthe	 ﾠbody	 ﾠimmediately	 ﾠaffects	 ﾠthe	 ﾠbrain’s	 ﾠperformance.	 ﾠIf	 ﾠsuch	 ﾠaffects	 ﾠare	 ﾠimmediate	 ﾠand	 ﾠ
traceable	 ﾠ making	 ﾠ them	 ﾠ available	 ﾠ for	 ﾠ exploration,	 ﾠ then	 ﾠ it	 ﾠ seems	 ﾠ fundamental	 ﾠ if	 ﾠ not	 ﾠ critical	 ﾠ to	 ﾠ
explore	 ﾠhow	 ﾠwe	 ﾠmight	 ﾠleverage	 ﾠthis	 ﾠinterplay	 ﾠdeliberately	 ﾠin	 ﾠour	 ﾠartefact	 ﾠdesign	 ﾠto	 ﾠbetter	 ﾠenhance	 ﾠ
our	 ﾠperformance.	 ﾠ	 ﾠ
1.1 Motivation 
Our	 ﾠmotivation	 ﾠinforming	 ﾠthis	 ﾠwork	 ﾠis	 ﾠat	 ﾠleast	 ﾠtwo	 ﾠfold.	 ﾠFirst,	 ﾠwe	 ﾠare	 ﾠstirred	 ﾠby	 ﾠthe	 ﾠpotential	 ﾠfor	 ﾠ
specific	 ﾠbrain	 ﾠmeasures	 ﾠto	 ﾠinform	 ﾠconstraints	 ﾠand	 ﾠaffordances	 ﾠfor	 ﾠboth	 ﾠdesign	 ﾠand	 ﾠits	 ﾠevaluation	 ﾠfor	 ﾠ
novel	 ﾠinteractions	 ﾠparticularly	 ﾠdesigned	 ﾠto	 ﾠsupport	 ﾠcreativity,	 ﾠinnovation	 ﾠand	 ﾠdiscovery.	 ﾠ	 ﾠ
Second,	 ﾠwe	 ﾠsee	 ﾠa	 ﾠpragmatic	 ﾠand	 ﾠimmediate	 ﾠvalue	 ﾠin	 ﾠdeveloping	 ﾠsuch	 ﾠunderstanding	 ﾠto	 ﾠinform	 ﾠ
existing	 ﾠdesigns.	 ﾠWhen	 ﾠwe	 ﾠare,	 ﾠit	 ﾠseems,	 ﾠdaily	 ﾠcloser	 ﾠto	 ﾠwhat	 ﾠis	 ﾠimagined	 ﾠas	 ﾠa	 ﾠubiquitous	 ﾠexperience	 ﾠ
of	 ﾠwall-ﾭ‐sized	 ﾠdisplays	 ﾠon	 ﾠthe	 ﾠone	 ﾠhand,	 ﾠand	 ﾠinteractive	 ﾠtable	 ﾠtop	 ﾠsurfaces	 ﾠon	 ﾠthe	 ﾠother,	 ﾠwhere	 ﾠ
walking	 ﾠand	 ﾠstanding	 ﾠdesks	 ﾠare	 ﾠbeing	 ﾠproposed	 ﾠas	 ﾠsolutions	 ﾠto	 ﾠa	 ﾠhost	 ﾠof	 ﾠevils	 ﾠfrom	 ﾠobesity	 ﾠto	 ﾠstress	 ﾠ
(Levine	 ﾠ and	 ﾠ Miller	 ﾠ 2007a)	 ﾠ understanding	 ﾠ what	 ﾠ kinds	 ﾠ of	 ﾠ cognitive	 ﾠ tasks	 ﾠ these	 ﾠ devices	 ﾠ might	 ﾠ
optimally	 ﾠsupport	 ﾠwhen	 ﾠthey	 ﾠso	 ﾠdeliberately	 ﾠif	 ﾠimplicitly	 ﾠinsist	 ﾠon	 ﾠa	 ﾠparticular	 ﾠbody	 ﾠposition	 ﾠseems	 ﾠ
useful	 ﾠinformation	 ﾠfor	 ﾠHCI	 ﾠdesigners	 ﾠand	 ﾠresearchers	 ﾠto	 ﾠhave.	 ﾠ	 ﾠ
Are	 ﾠwe	 ﾠsitting	 ﾠdown	 ﾠwhen	 ﾠit	 ﾠis	 ﾠbest	 ﾠto	 ﾠsit;	 ﾠstanding	 ﾠor	 ﾠwalking	 ﾠwhen	 ﾠbest	 ﾠto	 ﾠstand	 ﾠor	 ﾠwalk?	 ﾠIf	 ﾠour	 ﾠ
design	 ﾠ goals	 ﾠ might	 ﾠ be	 ﾠ more	 ﾠ efficient	 ﾠ use	 ﾠ not	 ﾠ just	 ﾠ of	 ﾠ our	 ﾠ time,	 ﾠ but	 ﾠ of	 ﾠ our	 ﾠ brain’s	 ﾠ limited	 ﾠ
performance	 ﾠcycles,	 ﾠhow	 ﾠto	 ﾠdesign	 ﾠto	 ﾠtake	 ﾠadvantage	 ﾠof	 ﾠthose	 ﾠprecious	 ﾠcycles	 ﾠseems	 ﾠfundamental	 ﾠ
to	 ﾠimproving	 ﾠour	 ﾠquality	 ﾠof	 ﾠ(work)	 ﾠlife	 ﾠ(Rapley	 ﾠ2003).	 ﾠIf	 ﾠwe	 ﾠcan	 ﾠfind	 ﾠways	 ﾠto	 ﾠwork	 ﾠnot	 ﾠonly	 ﾠmore	 ﾠ
efficiently	 ﾠbut	 ﾠmore	 ﾠdelightedly,	 ﾠand	 ﾠdesign	 ﾠto	 ﾠgain	 ﾠinsight	 ﾠfaster	 ﾠand	 ﾠmore	 ﾠfully	 ﾠby	 ﾠan	 ﾠawareness	 ﾠof	 ﾠ
the	 ﾠ body-ﾭ‐brain	 ﾠ state	 ﾠ in	 ﾠ these	 ﾠ embodied	 ﾠ interactions	 ﾠ then,	 ﾠ quality	 ﾠ of	 ﾠ life	 ﾠ (QoL)	 ﾠ may	 ﾠ improve	 ﾠ
Improved	 ﾠQoL	 ﾠwas	 ﾠalso	 ﾠthe	 ﾠfailed	 ﾠpromise	 ﾠof	 ﾠthe	 ﾠpaperless	 ﾠoffice.	 ﾠWhen	 ﾠthe	 ﾠdesign	 ﾠgoal	 ﾠis	 ﾠto	 ﾠ
improve	 ﾠQoL	 ﾠdirectly,	 ﾠrather	 ﾠthan	 ﾠhave	 ﾠthat	 ﾠas	 ﾠa	 ﾠconsequence,	 ﾠour	 ﾠchances	 ﾠof	 ﾠachieving	 ﾠit	 ﾠmay	 ﾠbe	 ﾠ
improved.	 ﾠ	 ﾠ
In	 ﾠ this	 ﾠ paper,	 ﾠ therefore,	 ﾠ we	 ﾠ present	 ﾠ a	 ﾠ start	 ﾠ to	 ﾠ this	 ﾠ exploration	 ﾠ of	 ﾠ the	 ﾠ effects	 ﾠ of	 ﾠ physical	 ﾠ self-ﾭ‐
positioning	 ﾠon	 ﾠcognitive	 ﾠtask	 ﾠperformance.	 ﾠWe	 ﾠpresent	 ﾠthe	 ﾠbackground	 ﾠto,	 ﾠand	 ﾠthe	 ﾠdesign	 ﾠand	 ﾠ
results	 ﾠof	 ﾠan	 ﾠexperimental	 ﾠstudy	 ﾠsimply	 ﾠto	 ﾠtest	 ﾠwhether	 ﾠsitting	 ﾠor	 ﾠstanding	 ﾠhas	 ﾠa	 ﾠsignificant	 ﾠeffect	 ﾠ
on	 ﾠcognitive	 ﾠperformance,	 ﾠand	 ﾠif	 ﾠso	 ﾠon	 ﾠwhat	 ﾠkinds	 ﾠof	 ﾠcognitive	 ﾠtasks.	 ﾠWe	 ﾠsee	 ﾠthat	 ﾠposition	 ﾠdoes	 ﾠAre You Sitting Down 
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have	 ﾠa	 ﾠrole	 ﾠin	 ﾠcognitive	 ﾠperformance.	 ﾠWe	 ﾠconclude	 ﾠby	 ﾠlooking	 ﾠat	 ﾠthe	 ﾠimmediate	 ﾠdesign	 ﾠimplications	 ﾠ
from	 ﾠthese	 ﾠfindings,	 ﾠwe	 ﾠpropose	 ﾠthe	 ﾠstart	 ﾠof	 ﾠa	 ﾠresearch	 ﾠagenda	 ﾠfor	 ﾠkinetic	 ﾠinteraction	 ﾠas	 ﾠdirections	 ﾠ
for	 ﾠfuture	 ﾠwork.	 ﾠ	 ﾠ	 ﾠ
2. RELATED WORK 
In	 ﾠthis	 ﾠsection,	 ﾠwe	 ﾠconsider	 ﾠrelated	 ﾠwork	 ﾠfrom	 ﾠtwo	 ﾠdomains.	 ﾠFirst	 ﾠwe	 ﾠoverview	 ﾠa	 ﾠfew	 ﾠkey	 ﾠexamples	 ﾠ
of	 ﾠ related	 ﾠ work	 ﾠ in	 ﾠ HCI.	 ﾠ Second,	 ﾠ we	 ﾠ summarize	 ﾠ informing	 ﾠ concepts	 ﾠ and	 ﾠ findings	 ﾠ in	 ﾠ cognitive	 ﾠ
neuroscience	 ﾠand	 ﾠhuman	 ﾠperformance	 ﾠas	 ﾠthey	 ﾠinform	 ﾠour	 ﾠexperimental	 ﾠapproach.	 ﾠThese	 ﾠtwo	 ﾠareas	 ﾠ
may	 ﾠseem	 ﾠrather	 ﾠdisparate,	 ﾠbut	 ﾠthey	 ﾠare	 ﾠboth	 ﾠstrongly	 ﾠrelated	 ﾠas	 ﾠmutually	 ﾠinforming	 ﾠthe	 ﾠquestions	 ﾠ
we	 ﾠpropose	 ﾠto	 ﾠexplore.	 ﾠ	 ﾠ
2. 1 Related Interaction Work.  
As	 ﾠnoted	 ﾠabove,	 ﾠHuman	 ﾠFactors	 ﾠis	 ﾠoften	 ﾠthe	 ﾠfirst	 ﾠplace	 ﾠHCI	 ﾠresearchers	 ﾠmay	 ﾠturn	 ﾠto	 ﾠunderstand	 ﾠthe	 ﾠ
constraints	 ﾠon	 ﾠdesign	 ﾠimposed	 ﾠby	 ﾠthe	 ﾠparticular	 ﾠperceptual	 ﾠlimitations	 ﾠof	 ﾠthe	 ﾠbrain	 ﾠand	 ﾠthe	 ﾠrelated	 ﾠ
response	 ﾠtimes	 ﾠof	 ﾠthe	 ﾠbody.	 ﾠThese	 ﾠconstraints	 ﾠare	 ﾠthen	 ﾠused	 ﾠto	 ﾠhelp	 ﾠreduce	 ﾠeffects	 ﾠof	 ﾠstress,	 ﾠfor	 ﾠ
instance,	 ﾠin	 ﾠcognitively	 ﾠtaxing	 ﾠenvironments	 ﾠfrom	 ﾠnuclear	 ﾠcontrol	 ﾠrooms	 ﾠ(Vicente	 ﾠ2004)	 ﾠto	 ﾠmedical	 ﾠ
ward	 ﾠperformance	 ﾠ(Thimbleby	 ﾠ2010)	 ﾠ	 ﾠ
The	 ﾠrelated	 ﾠfield	 ﾠof	 ﾠvisualization	 ﾠmay	 ﾠbe	 ﾠsaid	 ﾠto	 ﾠbe	 ﾠlargely	 ﾠinformed	 ﾠby	 ﾠcognitive	 ﾠcolor	 ﾠperception	 ﾠ
for	 ﾠsense	 ﾠmaking	 ﾠand	 ﾠsaliency	 ﾠdetection	 ﾠfor	 ﾠhighlighting	 ﾠimportant	 ﾠattributes	 ﾠ(a	 ﾠred	 ﾠcircle	 ﾠin	 ﾠa	 ﾠsea	 ﾠ
of	 ﾠblue	 ﾠcircles).	 ﾠJust	 ﾠthese	 ﾠattributes	 ﾠshow	 ﾠthe	 ﾠimportance	 ﾠof	 ﾠunderstanding	 ﾠhow	 ﾠthe	 ﾠcognitive-ﾭ‐
physical	 ﾠperformance	 ﾠof	 ﾠvision	 ﾠaffects	 ﾠour	 ﾠperception	 ﾠ(Ware	 ﾠ2000).	 ﾠLikewise,	 ﾠthe	 ﾠubiquitous	 ﾠFitts’s	 ﾠ
Law,	 ﾠthe	 ﾠsingle	 ﾠmost	 ﾠcited	 ﾠequation	 ﾠin	 ﾠHCI,	 ﾠdemonstrates	 ﾠthe	 ﾠconcern	 ﾠin	 ﾠour	 ﾠdiscipline	 ﾠto	 ﾠmitigate	 ﾠ
motor	 ﾠlearning	 ﾠperformance	 ﾠdrag	 ﾠon	 ﾠ the	 ﾠ cognitive	 ﾠ task	 ﾠ performance	 ﾠ of	 ﾠ target	 ﾠ acquisition.	 ﾠ For	 ﾠ
example,	 ﾠexpanding	 ﾠtarget	 ﾠsize	 ﾠis	 ﾠone	 ﾠsolution	 ﾠto	 ﾠenable	 ﾠgrosser,	 ﾠfaster	 ﾠmotor	 ﾠmovements	 ﾠthat	 ﾠ
require	 ﾠless	 ﾠtrained	 ﾠdexterity	 ﾠto	 ﾠacquire	 ﾠa	 ﾠtarget	 ﾠ(McGuffin	 ﾠand	 ﾠBalakrishnan	 ﾠ2005).	 ﾠ
From	 ﾠlooking	 ﾠat	 ﾠmitigating	 ﾠthe	 ﾠconstraints	 ﾠand	 ﾠleveraging	 ﾠthe	 ﾠaffordances	 ﾠof	 ﾠour	 ﾠsensory-ﾭ‐motor	 ﾠ
systems,	 ﾠEmbodied	 ﾠInteraction	 ﾠ(Dourish	 ﾠ2001)	 ﾠdraws	 ﾠon	 ﾠmore	 ﾠphenomenology	 ﾠthan	 ﾠpsychology	 ﾠfor	 ﾠ
design.	 ﾠOn	 ﾠthe	 ﾠone	 ﾠhand	 ﾠit	 ﾠasks	 ﾠwhat	 ﾠdoes	 ﾠit	 ﾠmean	 ﾠfor	 ﾠinteraction	 ﾠdesign	 ﾠto	 ﾠtake	 ﾠadvantage	 ﾠof	 ﾠour	 ﾠ
physically	 ﾠbeing	 ﾠwithin	 ﾠsocial	 ﾠsystems	 ﾠ(MacColl	 ﾠet	 ﾠal.	 ﾠ2002)	 ﾠOn	 ﾠthe	 ﾠother	 ﾠit	 ﾠconsiders	 ﾠhow	 ﾠattributes	 ﾠ
of	 ﾠartefact	 ﾠdesign	 ﾠmight	 ﾠengage	 ﾠus	 ﾠthrough	 ﾠour	 ﾠphysical	 ﾠsenses.	 ﾠHere,	 ﾠphysical	 ﾠaffordances	 ﾠare	 ﾠ
merged	 ﾠwith	 ﾠdigital	 ﾠproperties	 ﾠdeliberately	 ﾠfor	 ﾠtangible	 ﾠinteraction.	 ﾠWhether	 ﾠsomething	 ﾠis	 ﾠfur	 ﾠor	 ﾠ
wood,	 ﾠ heavy	 ﾠ or	 ﾠ light	 ﾠ –	 ﾠ connects	 ﾠ with	 ﾠ the	 ﾠ interaction	 ﾠ by	 ﾠ taking	 ﾠ advantage	 ﾠ again	 ﾠ of	 ﾠ our	 ﾠ very	 ﾠ
physical/cognitive	 ﾠperceptual	 ﾠsenses	 ﾠ(Redström	 ﾠ2008),	 ﾠ(Shaer	 ﾠ2009).	 ﾠ
Here,	 ﾠdesign	 ﾠengages	 ﾠboth	 ﾠsocial	 ﾠand	 ﾠtangible	 ﾠcomputing.	 ﾠIn	 ﾠthe	 ﾠtangible	 ﾠspace,	 ﾠdesigners	 ﾠtake	 ﾠ
advantage	 ﾠof	 ﾠwhat	 ﾠbeing	 ﾠin	 ﾠa	 ﾠbody	 ﾠaffords	 ﾠ–	 ﾠwe	 ﾠhave	 ﾠtwo	 ﾠhands:	 ﾠwe	 ﾠcan	 ﾠpick	 ﾠthings	 ﾠup;	 ﾠwe	 ﾠcan	 ﾠ
touch,	 ﾠfeel	 ﾠpressure	 ﾠand	 ﾠheat;	 ﾠlet	 ﾠus	 ﾠdesign	 ﾠto	 ﾠembrace	 ﾠthese	 ﾠcapabilities.	 ﾠWith	 ﾠphysical	 ﾠsocial	 ﾠ
computationally	 ﾠ mediated	 ﾠ interaction	 ﾠ (Benford	 ﾠ et	 ﾠ al.	 ﾠ 2005).	 ﾠ we	 ﾠ acknowledge	 ﾠ that	 ﾠ we	 ﾠ exist	 ﾠ as	 ﾠ
embodied	 ﾠ beings	 ﾠ in	 ﾠ social	 ﾠ systems,	 ﾠ and	 ﾠ these	 ﾠ interactions	 ﾠ inform	 ﾠ communication	 ﾠ and	 ﾠ making	 ﾠ
meaning.	 ﾠSo	 ﾠwe	 ﾠcan	 ﾠtake	 ﾠdesign	 ﾠadvantage	 ﾠof	 ﾠthese	 ﾠattributes	 ﾠas	 ﾠwell.	 ﾠ	 ﾠ
More	 ﾠrecently	 ﾠdesign	 ﾠwork	 ﾠcoined	 ﾠ“kinetic	 ﾠobject	 ﾠinteraction”	 ﾠ(KOIs)	 ﾠ(Parkes,	 ﾠPoupyrev,	 ﾠand	 ﾠIshii	 ﾠ
2008)	 ﾠuses	 ﾠmotion	 ﾠ–aural,	 ﾠtactile,	 ﾠkinaesthetic	 ﾠ–	 ﾠof	 ﾠartefacts	 ﾠto	 ﾠenable	 ﾠboth	 ﾠcommunication	 ﾠand	 ﾠ
reflection.	 ﾠFor	 ﾠinstance	 ﾠsimple	 ﾠobjects	 ﾠlike	 ﾠpucks	 ﾠcan	 ﾠbe	 ﾠmagnetically	 ﾠattached	 ﾠto	 ﾠa	 ﾠtable	 ﾠwhere	 ﾠthe	 ﾠ
strength	 ﾠof	 ﾠthe	 ﾠattachment	 ﾠan	 ﾠthus	 ﾠease	 ﾠof	 ﾠmovement	 ﾠbecomes	 ﾠa	 ﾠdeliberate	 ﾠattribute	 ﾠof	 ﾠits	 ﾠstate.	 ﾠ
In	 ﾠKOIs	 ﾠit	 ﾠseems	 ﾠthat	 ﾠmovement	 ﾠas	 ﾠa	 ﾠkey	 ﾠpart	 ﾠof	 ﾠorganic	 ﾠ(or	 ﾠliving	 ﾠand	 ﾠdying)	 ﾠenvironments	 ﾠis	 ﾠa	 ﾠ
fundamental	 ﾠassumption	 ﾠabout	 ﾠcommunication,	 ﾠand	 ﾠis	 ﾠthus	 ﾠa	 ﾠcritical	 ﾠproperty	 ﾠfor	 ﾠinteraction.	 ﾠ	 ﾠ	 ﾠ
There	 ﾠis	 ﾠalso	 ﾠgrowing	 ﾠinterest	 ﾠin	 ﾠhow	 ﾠself-ﾭ‐monitoring	 ﾠof	 ﾠphysiological	 ﾠstate	 ﾠmay	 ﾠbe	 ﾠused	 ﾠto	 ﾠhelp	 ﾠus	 ﾠ
adapt	 ﾠthat	 ﾠstate	 ﾠfor	 ﾠbetter	 ﾠperformance.	 ﾠThere	 ﾠare	 ﾠsignificant	 ﾠquestions	 ﾠaround	 ﾠhow	 ﾠto	 ﾠintegrate	 ﾠ
that	 ﾠinformation	 ﾠand	 ﾠconvey	 ﾠthat	 ﾠuseably	 ﾠfor	 ﾠpeople.	 ﾠFor	 ﾠinstance,	 ﾠwe	 ﾠknow	 ﾠthat	 ﾠslower	 ﾠdeeper	 ﾠ
breathing	 ﾠcan	 ﾠreduce	 ﾠstress	 ﾠsymptoms	 ﾠthat	 ﾠinhibit	 ﾠcognitive	 ﾠperformance.	 ﾠMoraveji	 ﾠand	 ﾠcolleagues	 ﾠ
(2011)	 ﾠlooked	 ﾠat	 ﾠhow	 ﾠa	 ﾠperipheral	 ﾠawareness	 ﾠUI	 ﾠcould	 ﾠhelp	 ﾠpeople	 ﾠrecover	 ﾠthis	 ﾠmore	 ﾠpositive	 ﾠform	 ﾠAre You Sitting Down 
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of	 ﾠbreathing	 ﾠeffortlessly	 ﾠthroughout	 ﾠthe	 ﾠday.	 ﾠ	 ﾠHere	 ﾠthe	 ﾠauthors	 ﾠleverage	 ﾠestablished	 ﾠknowledge	 ﾠ
around	 ﾠstress	 ﾠto	 ﾠtranslate	 ﾠthat	 ﾠinto	 ﾠhelpful	 ﾠinteraction	 ﾠdesigns.	 ﾠThere	 ﾠare	 ﾠmany	 ﾠopportunities	 ﾠhere	 ﾠ
to	 ﾠconnect	 ﾠsuch	 ﾠknowledge	 ﾠfor	 ﾠperformance	 ﾠsupport	 ﾠdesign.	 ﾠ
In	 ﾠterms	 ﾠof	 ﾠthe	 ﾠwork	 ﾠwe	 ﾠpropose	 ﾠin	 ﾠthis	 ﾠpaper,	 ﾠwe	 ﾠare	 ﾠasking	 ﾠmore	 ﾠabout	 ﾠunknown	 ﾠand	 ﾠuntested	 ﾠ
attributes	 ﾠof	 ﾠthe	 ﾠbody-ﾭ‐brain	 ﾠinteraction	 ﾠin	 ﾠorder	 ﾠto	 ﾠunderstand	 ﾠand	 ﾠscope	 ﾠhow	 ﾠthese	 ﾠinteractions	 ﾠ
might	 ﾠinform	 ﾠour	 ﾠdesigns.	 ﾠ	 ﾠ	 ﾠ
2.2 Related Work in Cognitive Performance 
In	 ﾠthe	 ﾠarea	 ﾠof	 ﾠinvestigation	 ﾠwe	 ﾠpropose,	 ﾠwe	 ﾠseek	 ﾠto	 ﾠunderstand	 ﾠif	 ﾠand	 ﾠhow	 ﾠphysical	 ﾠinteractions	 ﾠ
from	 ﾠeye	 ﾠmovement	 ﾠto	 ﾠbody	 ﾠposition	 ﾠmay	 ﾠinfluence	 ﾠcognitive	 ﾠperformance.	 ﾠCognitive	 ﾠperformance	 ﾠ
is	 ﾠitself	 ﾠa	 ﾠbroad	 ﾠterm	 ﾠwith	 ﾠmultiple	 ﾠattributes	 ﾠfrom	 ﾠrecall	 ﾠto	 ﾠattention	 ﾠmanagement.	 ﾠWe	 ﾠtherefore	 ﾠ
briefly	 ﾠtouch	 ﾠon	 ﾠsome	 ﾠof	 ﾠthe	 ﾠattributes	 ﾠof	 ﾠthe	 ﾠbrain’s	 ﾠrole	 ﾠin	 ﾠcognitive	 ﾠfunction	 ﾠ–	 ﾠat	 ﾠleast	 ﾠwhat	 ﾠ
cognitive	 ﾠneuroscience	 ﾠresearch	 ﾠsuggests	 ﾠit	 ﾠis	 ﾠtoday,	 ﾠas	 ﾠthese	 ﾠviews	 ﾠhave	 ﾠchanged	 ﾠsignificantly	 ﾠover	 ﾠ
the	 ﾠpast	 ﾠ25	 ﾠyears.	 ﾠWe	 ﾠwill	 ﾠalso	 ﾠhighlight	 ﾠsome	 ﾠassociated	 ﾠstudies	 ﾠin	 ﾠcognitive	 ﾠperformance,	 ﾠbrain	 ﾠ
function	 ﾠand	 ﾠphysical	 ﾠposition.	 ﾠThis	 ﾠframing	 ﾠwill	 ﾠset	 ﾠthe	 ﾠstage	 ﾠfor	 ﾠthe	 ﾠstudy	 ﾠwe	 ﾠreport	 ﾠin	 ﾠthis	 ﾠpaper	 ﾠ
where	 ﾠour	 ﾠend	 ﾠgoal	 ﾠwill	 ﾠbe	 ﾠto	 ﾠsee	 ﾠhow	 ﾠthese	 ﾠfindings	 ﾠmay	 ﾠbe	 ﾠapplied	 ﾠinitially	 ﾠ	 ﾠto	 ﾠknowledge	 ﾠwork.	 ﾠ	 ﾠ
Cognitive	 ﾠfunction	 ﾠlargely	 ﾠinvolves	 ﾠthe	 ﾠarea	 ﾠof	 ﾠthe	 ﾠbrain	 ﾠknown	 ﾠas	 ﾠthe	 ﾠpre-ﾭ‐frontal	 ﾠcortex	 ﾠ(Figure	 ﾠ1	 ﾠ)	 ﾠ
	 ﾠ
	 ﾠ 	 ﾠ	 ﾠ
Figure 1 Pre Frontal Cortex area of the Brain 
In	 ﾠparticular,	 ﾠcognition	 ﾠis	 ﾠmainly	 ﾠinvolved	 ﾠwith	 ﾠwhat	 ﾠis	 ﾠknown	 ﾠas	 ﾠcognitive	 ﾠexecutive	 ﾠfunction	 ﾠ(CEF).	 ﾠ
CEF	 ﾠis	 ﾠoften	 ﾠused	 ﾠas	 ﾠan	 ﾠumbrella	 ﾠterm	 ﾠfor	 ﾠcognitive	 ﾠactivities	 ﾠsuch	 ﾠas	 ﾠplanning,	 ﾠworking	 ﾠmemory,	 ﾠ
attention,	 ﾠ problem	 ﾠ solving,	 ﾠ verbal	 ﾠ reasoning,	 ﾠ multi-ﾭ‐tasking,	 ﾠ and	 ﾠ monitoring	 ﾠ of	 ﾠ actions	 ﾠ among	 ﾠ
others	 ﾠ(Chan	 ﾠet	 ﾠal.	 ﾠ2008).	 ﾠ
Our	 ﾠgoal	 ﾠin	 ﾠthis	 ﾠwork	 ﾠis	 ﾠto	 ﾠunderstand	 ﾠthe	 ﾠeffect	 ﾠself-ﾭ‐positioning	 ﾠmay	 ﾠhave	 ﾠon	 ﾠCEF.	 ﾠFortunately	 ﾠ
there	 ﾠare	 ﾠnumerous	 ﾠwell-ﾭ‐accepted	 ﾠways	 ﾠto	 ﾠassess	 ﾠCEF	 ﾠperformance.	 ﾠCEF	 ﾠtests	 ﾠare	 ﾠcategorized	 ﾠas	 ﾠ
“neuropsychological	 ﾠassessments”	 ﾠand	 ﾠhave	 ﾠmainly	 ﾠbeen	 ﾠdeveloped	 ﾠas	 ﾠclinical	 ﾠmeasures	 ﾠto	 ﾠdetect	 ﾠ
cognitive	 ﾠperformance	 ﾠaberrations	 ﾠfrom	 ﾠthe	 ﾠnorm.	 ﾠThey	 ﾠare	 ﾠalso	 ﾠused	 ﾠto	 ﾠhelp	 ﾠdevelop	 ﾠtreatment	 ﾠto	 ﾠ
reduce	 ﾠdisease	 ﾠor	 ﾠcondition	 ﾠeffect.	 ﾠConditions	 ﾠfrom	 ﾠADHD	 ﾠto	 ﾠautism	 ﾠto	 ﾠeffects	 ﾠof	 ﾠcancer	 ﾠon	 ﾠthe	 ﾠ
brain	 ﾠare	 ﾠassessed	 ﾠand	 ﾠgraded	 ﾠwith	 ﾠthese	 ﾠmeasures	 ﾠ(Groth-ﾭ‐Marnat	 ﾠ2009).	 ﾠ	 ﾠ
More	 ﾠrecently,	 ﾠthese	 ﾠsame	 ﾠmeasures	 ﾠhave	 ﾠbeen	 ﾠused	 ﾠto	 ﾠgrade	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠphysical	 ﾠpractice	 ﾠ(or	 ﾠ
the	 ﾠlack	 ﾠof	 ﾠit)	 ﾠon	 ﾠcognitive	 ﾠperformance	 ﾠin	 ﾠotherwise	 ﾠhealthy	 ﾠindividuals.	 ﾠA	 ﾠsurvey	 ﾠof	 ﾠthis	 ﾠresearch	 ﾠ
can	 ﾠbe	 ﾠfound	 ﾠhere	 ﾠ(schraefel	 ﾠ2011).	 ﾠTwo	 ﾠconsistent	 ﾠfindings	 ﾠhave	 ﾠemerged	 ﾠfrom	 ﾠthis	 ﾠbody	 ﾠof	 ﾠwork.	 ﾠ
First,	 ﾠpeople	 ﾠwith	 ﾠa	 ﾠhistory	 ﾠof	 ﾠphysical	 ﾠactivity	 ﾠperform	 ﾠbetter	 ﾠon	 ﾠCEF	 ﾠassessments	 ﾠthan	 ﾠthose	 ﾠwho	 ﾠ
have	 ﾠbeen	 ﾠsedentary.	 ﾠIn	 ﾠfact	 ﾠpeople	 ﾠwho	 ﾠremain	 ﾠsedentary	 ﾠprogressively	 ﾠperform	 ﾠworse	 ﾠ(Singh-ﾭ‐
Manoux	 ﾠet	 ﾠal.	 ﾠ2005)	 ﾠover	 ﾠtime.	 ﾠSecond,	 ﾠa	 ﾠdose	 ﾠof	 ﾠexercise,	 ﾠsuch	 ﾠas	 ﾠtwenty	 ﾠminutes	 ﾠof	 ﾠlight	 ﾠcardio	 ﾠ
effort	 ﾠ on	 ﾠ a	 ﾠ stationary	 ﾠ bike,	 ﾠ regardless	 ﾠ of	 ﾠ age,	 ﾠ ethnicity	 ﾠ or	 ﾠ gender,	 ﾠ before	 ﾠ a	 ﾠ CEF	 ﾠ assessment,	 ﾠ
improves	 ﾠtest	 ﾠperformance	 ﾠ(Hillman	 ﾠet	 ﾠal.	 ﾠ2006;	 ﾠEskes	 ﾠet	 ﾠal.	 ﾠ2010).	 ﾠ	 ﾠ
Of	 ﾠparticular	 ﾠrelevance	 ﾠto	 ﾠthe	 ﾠwork	 ﾠreported	 ﾠhere	 ﾠis	 ﾠthat	 ﾠin	 ﾠthe	 ﾠpast	 ﾠtwo	 ﾠyears,	 ﾠthere	 ﾠhave	 ﾠbeen	 ﾠ
several	 ﾠstudies	 ﾠlooking	 ﾠat	 ﾠthe	 ﾠdifference	 ﾠbetween	 ﾠsitting	 ﾠand	 ﾠwalking	 ﾠdesks	 ﾠmeasured	 ﾠon	 ﾠa	 ﾠhost	 ﾠof	 ﾠ
psycho-ﾭ‐physical	 ﾠmeasures	 ﾠ(Levine	 ﾠand	 ﾠMiller	 ﾠ2007b)	 ﾠand	 ﾠwhere	 ﾠvarious	 ﾠCEF	 ﾠtests	 ﾠhave	 ﾠbeen	 ﾠused	 ﾠin	 ﾠ
particular.	 ﾠIntriguingly,	 ﾠwhile	 ﾠthe	 ﾠtrend	 ﾠseems	 ﾠto	 ﾠbe	 ﾠthat	 ﾠmany	 ﾠattributes	 ﾠimprove	 ﾠfrom	 ﾠstanding	 ﾠ
(Ohlinger	 ﾠet	 ﾠal.	 ﾠ2011)	 ﾠ	 ﾠor	 ﾠat	 ﾠleast	 ﾠdo	 ﾠnot	 ﾠdegrade,	 ﾠthe	 ﾠpositives	 ﾠare	 ﾠnot	 ﾠclearly	 ﾠuniversal.	 ﾠOne	 ﾠstudy	 ﾠAre You Sitting Down 
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showed	 ﾠthat	 ﾠcertain	 ﾠtasks	 ﾠperformed	 ﾠat	 ﾠwhat	 ﾠare	 ﾠknown	 ﾠas	 ﾠ“walking	 ﾠdesks”	 ﾠwhere	 ﾠone	 ﾠwalks	 ﾠon	 ﾠa	 ﾠ
treadmill	 ﾠfixed	 ﾠto	 ﾠa	 ﾠstanding	 ﾠdesk,	 ﾠdefinitely	 ﾠperformed	 ﾠmore	 ﾠpoorly(John	 ﾠet	 ﾠal.	 ﾠ2009).	 ﾠLikewise	 ﾠthe	 ﾠ
papers	 ﾠdo	 ﾠnot	 ﾠall	 ﾠuse	 ﾠCEF	 ﾠtests	 ﾠthat	 ﾠstudy	 ﾠthe	 ﾠsame	 ﾠattributes	 ﾠof	 ﾠCEF.	 ﾠSome	 ﾠmay	 ﾠfocus	 ﾠon	 ﾠmotor	 ﾠ
speed/motor	 ﾠcontrol	 ﾠ(Ohlinger	 ﾠet	 ﾠal.	 ﾠ2011)	 ﾠrather	 ﾠthan	 ﾠComplex	 ﾠAttention	 ﾠor	 ﾠCognitive	 ﾠFlexibility.	 ﾠ
While	 ﾠone	 ﾠmight	 ﾠdemonstrate	 ﾠthat	 ﾠsuch	 ﾠa	 ﾠmeasure	 ﾠremains	 ﾠhigh	 ﾠfor	 ﾠstanding	 ﾠor	 ﾠsitting	 ﾠor	 ﾠwalking	 ﾠ
at	 ﾠa	 ﾠdesk,	 ﾠhow	 ﾠimportant	 ﾠis	 ﾠthat	 ﾠresult	 ﾠto	 ﾠdaily	 ﾠactivity?	 ﾠIt	 ﾠis	 ﾠimportant	 ﾠfor	 ﾠdesigners	 ﾠto	 ﾠsee	 ﾠto	 ﾠwhat	 ﾠ
kinds	 ﾠof	 ﾠactual	 ﾠtasks	 ﾠthese	 ﾠresults	 ﾠmay	 ﾠmap.	 ﾠ	 ﾠ
In	 ﾠour	 ﾠstudy	 ﾠdesign	 ﾠtherefore,	 ﾠwe	 ﾠwanted	 ﾠto	 ﾠlook	 ﾠat	 ﾠCEF	 ﾠassessments	 ﾠwith	 ﾠself-ﾭ‐positioning	 ﾠthat	 ﾠ
could	 ﾠ more	 ﾠ directly	 ﾠ inform	 ﾠ design	 ﾠ of	 ﾠ digital	 ﾠ interaction.	 ﾠ For	 ﾠ instance,	 ﾠ motor	 ﾠ control	 ﾠ may	 ﾠ be	 ﾠ
important	 ﾠ for	 ﾠ gaming,	 ﾠ but	 ﾠ may	 ﾠ not	 ﾠ be	 ﾠ a	 ﾠ key	 ﾠ factor	 ﾠ for	 ﾠ managing	 ﾠ email.	 ﾠ Other	 ﾠ measures	 ﾠ like	 ﾠ
attention	 ﾠ and	 ﾠ recall	 ﾠ may	 ﾠ be	 ﾠ more	 ﾠ important,	 ﾠ or	 ﾠ at	 ﾠ least	 ﾠ more	 ﾠ descriptive	 ﾠ for	 ﾠ multi-ﾭ‐tasking,	 ﾠ a	 ﾠ
common	 ﾠelement	 ﾠof	 ﾠmost	 ﾠof	 ﾠour	 ﾠdigital-ﾭ‐physical	 ﾠlives.	 ﾠWe	 ﾠare	 ﾠalso	 ﾠinterested	 ﾠin	 ﾠunderstanding	 ﾠthe	 ﾠ
role	 ﾠof	 ﾠthese	 ﾠvarious	 ﾠCEFs	 ﾠthroughout	 ﾠa	 ﾠcreative	 ﾠprocess	 ﾠfrom	 ﾠidea	 ﾠgeneration	 ﾠthrough	 ﾠto	 ﾠworked	 ﾠ
solution.	 ﾠ	 ﾠ
In	 ﾠthe	 ﾠfollowing	 ﾠsection,	 ﾠwe	 ﾠdescribe	 ﾠthe	 ﾠexperiment	 ﾠwe	 ﾠdesigned	 ﾠto	 ﾠbegin	 ﾠto	 ﾠassess	 ﾠa	 ﾠmore	 ﾠdesign-ﾭ‐
oriented	 ﾠassessment	 ﾠof	 ﾠCEF	 ﾠperformance	 ﾠand	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠself-ﾭ‐position	 ﾠupon	 ﾠthat	 ﾠperformance.	 ﾠ	 ﾠ
3. EXPERIMENT 
Our	 ﾠ experiment	 ﾠ is	 ﾠ to	 ﾠ test	 ﾠ how	 ﾠ sitting	 ﾠ and	 ﾠ standing	 ﾠ affect	 ﾠ various	 ﾠ components	 ﾠ of	 ﾠ cognitive	 ﾠ
executive	 ﾠfunctioning.	 ﾠ
3.1 Hypotheses  
Our	 ﾠ first	 ﾠ hypothesis	 ﾠ was	 ﾠ that	 ﾠ self-ﾭ‐position	 ﾠ would	 ﾠ have	 ﾠ a	 ﾠ significant	 ﾠ effect	 ﾠ on	 ﾠ cognitive	 ﾠ task	 ﾠ
performance.	 ﾠ	 ﾠBased	 ﾠon	 ﾠrelated	 ﾠwork	 ﾠin	 ﾠthe	 ﾠuse	 ﾠof	 ﾠstanding	 ﾠdesks,	 ﾠour	 ﾠsecond	 ﾠhypothesis	 ﾠwas	 ﾠthat	 ﾠ
standing	 ﾠwould	 ﾠshow	 ﾠbetter	 ﾠoverall	 ﾠperformance	 ﾠthan	 ﾠsitting.	 ﾠ	 ﾠ	 ﾠ
3.2 Method 
To	 ﾠ test	 ﾠ these	 ﾠ hypotheses,	 ﾠ we	 ﾠ ran	 ﾠ a	 ﾠ within-ﾭ‐
groups,	 ﾠ counter-ﾭ‐balanced	 ﾠ study	 ﾠ to	 ﾠ test	 ﾠ the	 ﾠ
effect	 ﾠ of	 ﾠ position	 ﾠ on	 ﾠ cognitive	 ﾠ task	 ﾠ
performance	 ﾠ using	 ﾠ standard	 ﾠ computer	 ﾠ
display/interaction	 ﾠtechnology.	 ﾠFor	 ﾠthis	 ﾠinitial	 ﾠ
study	 ﾠ we	 ﾠ tested	 ﾠ only	 ﾠ seated	 ﾠ and	 ﾠ standing	 ﾠ
positions	 ﾠrather	 ﾠthan	 ﾠmobile	 ﾠand	 ﾠreclined	 ﾠas	 ﾠ
well.	 ﾠ	 ﾠ
3.3 Participants  
We	 ﾠconstrained	 ﾠthe	 ﾠparticipant	 ﾠgroup	 ﾠto	 ﾠmen,	 ﾠ
ages	 ﾠ 22-ﾭ‐38	 ﾠ (mean	 ﾠ age	 ﾠ 29),	 ﾠ all	 ﾠ with	 ﾠ science	 ﾠ
backgrounds	 ﾠand	 ﾠgraduate	 ﾠdegrees,	 ﾠand	 ﾠnone	 ﾠ
of	 ﾠ whom	 ﾠ currently	 ﾠ using	 ﾠ standing	 ﾠ desks;	 ﾠ all	 ﾠ
participants	 ﾠ worked	 ﾠ in	 ﾠ an	 ﾠ open	 ﾠ lab	 ﾠ
environment.	 ﾠOur	 ﾠrationale	 ﾠfor	 ﾠthe	 ﾠgrouping	 ﾠwas	 ﾠto	 ﾠreduce	 ﾠas	 ﾠmany	 ﾠpotential	 ﾠvariables	 ﾠthat	 ﾠmight	 ﾠ
be	 ﾠsaid	 ﾠto	 ﾠinfluence	 ﾠwithin-ﾭ‐group	 ﾠoutcomes.	 ﾠIn	 ﾠa	 ﾠcomputer	 ﾠscience	 ﾠlab,	 ﾠthe	 ﾠgrouping	 ﾠrepresented	 ﾠ
the	 ﾠ most	 ﾠ common	 ﾠ population.	 ﾠ 17	 ﾠ men	 ﾠ participated.	 ﾠ Participants	 ﾠ signed	 ﾠ an	 ﾠ information	 ﾠ and	 ﾠ
consent	 ﾠform	 ﾠapproved	 ﾠvia	 ﾠthe	 ﾠUniversity’s	 ﾠof	 ﾠSouthampton	 ﾠEthical	 ﾠReview	 ﾠof	 ﾠHuman	 ﾠParticipant	 ﾠ
Studies	 ﾠprocess.	 ﾠ(ID:1497)	 ﾠParticipants	 ﾠreceived	 ﾠa	 ﾠgift	 ﾠvoucher	 ﾠas	 ﾠpart	 ﾠof	 ﾠtheir	 ﾠparticipation.	 ﾠ	 ﾠ
	 ﾠ
3.4 Apparatus 
The	 ﾠroom	 ﾠfor	 ﾠthe	 ﾠstudy	 ﾠwas	 ﾠset	 ﾠup	 ﾠwith	 ﾠa	 ﾠstandard	 ﾠheight	 ﾠtable	 ﾠand	 ﾠchair	 ﾠfor	 ﾠthe	 ﾠseated	 ﾠposition,	 ﾠ
and	 ﾠboxes	 ﾠon	 ﾠthe	 ﾠtable	 ﾠfor	 ﾠthe	 ﾠstanding	 ﾠcondition	 ﾠ(Error!	 ﾠReference	 ﾠsource	 ﾠnot	 ﾠfound.).	 ﾠThe	 ﾠsame	 ﾠ
Figure 2 participant setup, standing, sitting	 ﾠAre You Sitting Down 
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laptop,	 ﾠa	 ﾠLenovo	 ﾠThinkpad	 ﾠT41p	 ﾠrunning	 ﾠWindows	 ﾠXP,	 ﾠwas	 ﾠused	 ﾠin	 ﾠeach	 ﾠcondition.	 ﾠFor	 ﾠseated,	 ﾠthe	 ﾠ
laptop	 ﾠ was	 ﾠ placed	 ﾠ on	 ﾠ the	 ﾠ table;	 ﾠ for	 ﾠ standing,	 ﾠ the	 ﾠ laptop	 ﾠ was	 ﾠ placed	 ﾠ on	 ﾠ the	 ﾠ rigid	 ﾠ boxes	 ﾠ at	 ﾠ an	 ﾠ
appropriate	 ﾠergonomic	 ﾠheight	 ﾠfor	 ﾠstanding	 ﾠwork.	 ﾠ	 ﾠ
3.5 Test Battery 
We	 ﾠ used	 ﾠ the	 ﾠ CNS	 ﾠ Vital	 ﾠ Signs	 ﾠ (CNSVS)	 ﾠ test	 ﾠ battery	 ﾠ for	 ﾠ assessing	 ﾠ neurocognitive	 ﾠ function.	 ﾠ The	 ﾠ
included	 ﾠsubtests	 ﾠwere	 ﾠthe	 ﾠfollowing:	 ﾠSymbol	 ﾠDigit	 ﾠCoding	 ﾠtest	 ﾠ(SDC),	 ﾠShifting	 ﾠAttention	 ﾠTest	 ﾠ(SAT),	 ﾠ
Finger	 ﾠTapping	 ﾠTest	 ﾠ(FTT),	 ﾠStroop	 ﾠtest	 ﾠ(ST)	 ﾠand	 ﾠContinuous	 ﾠPerformance	 ﾠTest	 ﾠ(CPT)	 ﾠin	 ﾠthat	 ﾠorder.	 ﾠ	 ﾠ
We	 ﾠdescribe	 ﾠthese	 ﾠmeasures	 ﾠin	 ﾠdetail	 ﾠbelow.	 ﾠThe	 ﾠtests	 ﾠthemselves	 ﾠare	 ﾠonline	 ﾠversions	 ﾠof	 ﾠstandard	 ﾠ
measures	 ﾠof	 ﾠcognitive	 ﾠtask	 ﾠperformance.	 ﾠFor	 ﾠour	 ﾠpurposes	 ﾠin	 ﾠparticular,	 ﾠa	 ﾠkey	 ﾠvalue	 ﾠof	 ﾠthis	 ﾠtest	 ﾠ
battery	 ﾠis	 ﾠits	 ﾠestablished	 ﾠtest/retest	 ﾠvalidity.	 ﾠThis	 ﾠmeans	 ﾠthat	 ﾠwe	 ﾠcan	 ﾠremove	 ﾠlearning	 ﾠeffect	 ﾠfrom	 ﾠ
consideration	 ﾠof	 ﾠthe	 ﾠtests	 ﾠused,	 ﾠand	 ﾠwe	 ﾠcan	 ﾠalso	 ﾠrun	 ﾠconsecutive	 ﾠtests	 ﾠwithout	 ﾠhaving	 ﾠto	 ﾠwait	 ﾠfor	 ﾠ
days	 ﾠor	 ﾠweeks	 ﾠas	 ﾠsome	 ﾠcognitive	 ﾠtests	 ﾠrequire.	 ﾠCounter-ﾭ‐balancing	 ﾠexposure	 ﾠto	 ﾠthe	 ﾠsit-ﾭ‐stand	 ﾠtest	 ﾠ
condition	 ﾠtherefore	 ﾠwas	 ﾠeffectively	 ﾠa	 ﾠbelt	 ﾠand	 ﾠsuspenders	 ﾠapproach	 ﾠto	 ﾠeliminate	 ﾠlearning	 ﾠeffect	 ﾠas	 ﾠ
an	 ﾠ outcome	 ﾠ factor.	 ﾠ The	 ﾠ test	 ﾠ runs	 ﾠ are	 ﾠ also	 ﾠ highly	 ﾠ consistently	 ﾠ delivered:	 ﾠ the	 ﾠ test	 ﾠ battery	 ﾠ is	 ﾠ
automatically	 ﾠpresented	 ﾠto	 ﾠthe	 ﾠparticipants	 ﾠwith	 ﾠpractice	 ﾠfollowed	 ﾠby	 ﾠtest	 ﾠruns	 ﾠof	 ﾠeach	 ﾠtest	 ﾠin	 ﾠthe	 ﾠ
selected	 ﾠbattery.	 ﾠ	 ﾠ
The	 ﾠ CNSVS	 ﾠ test	 ﾠ battery	 ﾠ has	 ﾠ previously	 ﾠ been	 ﾠ thoroughly	 ﾠ described	 ﾠ and	 ﾠ tested	 ﾠ for	 ﾠ reliability	 ﾠ by	 ﾠ
Gualtieri	 ﾠ &	 ﾠ Johnson	 ﾠ (2006).	 ﾠ In	 ﾠ short,	 ﾠ the	 ﾠ subtests	 ﾠ used	 ﾠ in	 ﾠ the	 ﾠ present	 ﾠ study	 ﾠ provide	 ﾠ domain	 ﾠ
measures	 ﾠ of:	 ﾠ Executive	 ﾠ Function	 ﾠ (EF),	 ﾠ Complex	 ﾠ Attention	 ﾠ (CA),	 ﾠ Cognitive	 ﾠ Flexibility	 ﾠ (CF),	 ﾠ
Psychomotor	 ﾠSpeed	 ﾠ(PMS),	 ﾠReaction	 ﾠTime	 ﾠ(RT)	 ﾠand	 ﾠProcessing	 ﾠSpeed	 ﾠ(PS).	 ﾠThe	 ﾠscore	 ﾠof	 ﾠeach	 ﾠof	 ﾠthe	 ﾠ
domains	 ﾠare	 ﾠcalculated	 ﾠeither	 ﾠas	 ﾠdifferences	 ﾠbetween	 ﾠcorrect	 ﾠand	 ﾠerroneous	 ﾠresponses	 ﾠwithin	 ﾠeach	 ﾠ
subtest,	 ﾠor	 ﾠsummation	 ﾠof	 ﾠthe	 ﾠresponses	 ﾠfrom	 ﾠtwo	 ﾠor	 ﾠmore	 ﾠsubtests.	 ﾠ	 ﾠ
The	 ﾠCNSVS	 ﾠstandard	 ﾠscores	 ﾠand	 ﾠpercentile	 ﾠranks	 ﾠare	 ﾠauto-ﾭ‐scored	 ﾠusing	 ﾠan	 ﾠalgorithm	 ﾠbased	 ﾠon	 ﾠa	 ﾠ
normative	 ﾠdata	 ﾠset	 ﾠof	 ﾠmore	 ﾠthan	 ﾠ1900	 ﾠparticipants,	 ﾠranging	 ﾠfrom	 ﾠages	 ﾠ8	 ﾠ–	 ﾠ90.	 ﾠIn	 ﾠthe	 ﾠage-ﾭ‐matched	 ﾠ
normative	 ﾠsample	 ﾠparticipants	 ﾠwere:	 ﾠ(i)	 ﾠin	 ﾠgood	 ﾠhealth,	 ﾠ(ii)	 ﾠhad	 ﾠno	 ﾠpast	 ﾠor	 ﾠpresent	 ﾠpsychiatric	 ﾠor	 ﾠ
neurological	 ﾠdisorders,	 ﾠhead	 ﾠinjury,	 ﾠor	 ﾠlearning	 ﾠdisabilities,	 ﾠand	 ﾠ(iii)	 ﾠwere	 ﾠfree	 ﾠof	 ﾠany	 ﾠcentrally	 ﾠacting	 ﾠ
medications	 ﾠGualtieri	 ﾠ&	 ﾠJohnson	 ﾠ(2006).	 ﾠ
	 ﾠThe	 ﾠstandard	 ﾠscore	 ﾠcalculation	 ﾠfor	 ﾠeach	 ﾠdomain	 ﾠis	 ﾠsummarized	 ﾠin	 ﾠTable	 ﾠ1.	 ﾠBelow	 ﾠwe	 ﾠlist	 ﾠthe	 ﾠspecific	 ﾠ
assessments	 ﾠdeployed	 ﾠin	 ﾠthis	 ﾠstudy	 ﾠand	 ﾠhow	 ﾠthey	 ﾠare	 ﾠscored.	 ﾠ
3.5.1 Executive Function Domains Tested 
Briefly,	 ﾠExecutive	 ﾠFunction	 ﾠis	 ﾠa	 ﾠgroup	 ﾠof	 ﾠmental	 ﾠprocesses	 ﾠthat	 ﾠhelps	 ﾠconnect	 ﾠpast	 ﾠexperience	 ﾠwith	 ﾠ
present	 ﾠaction.	 ﾠActivities	 ﾠsuch	 ﾠas	 ﾠplanning	 ﾠand	 ﾠorganizing,	 ﾠstrategizing,	 ﾠpaying	 ﾠattention	 ﾠto	 ﾠdetail,	 ﾠ
memory	 ﾠformation	 ﾠand	 ﾠkeeping	 ﾠtrack	 ﾠof	 ﾠtime	 ﾠare	 ﾠall	 ﾠexecutive	 ﾠfunctioning	 ﾠtasks.	 ﾠThe	 ﾠdomain	 ﾠscore	 ﾠ
of	 ﾠ Executive	 ﾠ Function	 ﾠ is	 ﾠ calculated	 ﾠ based	 ﾠ on	 ﾠ the	 ﾠ difference	 ﾠ between	 ﾠ correct	 ﾠ and	 ﾠ erroneous	 ﾠ
responses	 ﾠin	 ﾠthe	 ﾠShifting	 ﾠAttention	 ﾠTest	 ﾠ(SAT)	 ﾠ(Table	 ﾠ	 ﾠ1).	 ﾠ
The	 ﾠShifting	 ﾠAttention	 ﾠTest	 ﾠ(SAT)	 ﾠmeasures	 ﾠthe	 ﾠparticipant’s	 ﾠability	 ﾠto	 ﾠshift	 ﾠfrom	 ﾠone	 ﾠinstruction	 ﾠset	 ﾠ
to	 ﾠanother	 ﾠquickly	 ﾠand	 ﾠaccurately.	 ﾠThis	 ﾠis	 ﾠdone	 ﾠby	 ﾠcontinuously	 ﾠhaving	 ﾠthe	 ﾠparticipant	 ﾠmatch	 ﾠeither	 ﾠ
color	 ﾠOR	 ﾠshape	 ﾠto	 ﾠthe	 ﾠdisplayed	 ﾠcolor-ﾭ‐shape	 ﾠreference	 ﾠon	 ﾠthe	 ﾠscreen.	 ﾠ	 ﾠ
3.5.1.2 Complex Attention 
	 ﾠ“Complex	 ﾠAttention”	 ﾠis	 ﾠa	 ﾠdomain	 ﾠscore	 ﾠcalculated	 ﾠon	 ﾠthe	 ﾠnumbers	 ﾠof	 ﾠerrors	 ﾠmade	 ﾠin	 ﾠthree	 ﾠof	 ﾠthe	 ﾠ
sub-ﾭ‐tests.	 ﾠThe	 ﾠthree	 ﾠsub-ﾭ‐test	 ﾠare:	 ﾠThe	 ﾠStroop	 ﾠTest	 ﾠ(ST),	 ﾠthe	 ﾠShifting	 ﾠAttention	 ﾠTest	 ﾠ(SAT)	 ﾠand	 ﾠthe	 ﾠ
Continuous	 ﾠPerformance	 ﾠTest	 ﾠ(CPT).	 ﾠThe	 ﾠnumber	 ﾠof	 ﾠerrors	 ﾠmade	 ﾠin	 ﾠeach	 ﾠof	 ﾠthe	 ﾠthree	 ﾠsub-ﾭ‐tests	 ﾠis	 ﾠ
added	 ﾠtogether	 ﾠto	 ﾠprovide	 ﾠthe	 ﾠtotal	 ﾠscore	 ﾠof	 ﾠ“Complex	 ﾠAttention”	 ﾠ(Table	 ﾠ1).	 ﾠExamples	 ﾠof	 ﾠcomplex	 ﾠ
attention	 ﾠinclude	 ﾠthe	 ﾠability	 ﾠto	 ﾠkeep	 ﾠa	 ﾠsustained	 ﾠfocus,	 ﾠto	 ﾠresist	 ﾠdistraction	 ﾠas	 ﾠwell	 ﾠas	 ﾠinformation	 ﾠ
processing	 ﾠability.	 ﾠThis	 ﾠform	 ﾠof	 ﾠmental	 ﾠflexibility	 ﾠcould	 ﾠfor	 ﾠinstance	 ﾠbe	 ﾠexemplified	 ﾠby	 ﾠhearing	 ﾠa	 ﾠlist	 ﾠ
of	 ﾠdigits/letters	 ﾠand	 ﾠputting	 ﾠthem	 ﾠin	 ﾠnumerical/alphabetical	 ﾠorder.	 ﾠ
The	 ﾠStroop	 ﾠTest	 ﾠ(ST)	 ﾠis	 ﾠa	 ﾠtest	 ﾠon	 ﾠselective	 ﾠattention.	 ﾠSelective	 ﾠattention	 ﾠis	 ﾠrequired	 ﾠin	 ﾠtasks	 ﾠthat	 ﾠ
involve	 ﾠthe	 ﾠinhibition	 ﾠof	 ﾠcompeting	 ﾠresponses.	 ﾠDuring	 ﾠthe	 ﾠST	 ﾠparticipants	 ﾠare	 ﾠrequired	 ﾠto	 ﾠname	 ﾠAre You Sitting Down 
schraefel/Jay 
Tech report, Electronics and Computer Science, U Southampton, Eprints ID 340535 7 
either	 ﾠthe	 ﾠcolor	 ﾠof	 ﾠthe	 ﾠink	 ﾠin	 ﾠwhich	 ﾠa	 ﾠword	 ﾠof	 ﾠa	 ﾠcolor	 ﾠis	 ﾠwritten	 ﾠor	 ﾠname	 ﾠthe	 ﾠword	 ﾠitself.	 ﾠWhen	 ﾠword	 ﾠ
and	 ﾠcolor	 ﾠdo	 ﾠnot	 ﾠmatch	 ﾠinterference	 ﾠarises,	 ﾠas	 ﾠthe	 ﾠparticipant	 ﾠcannot	 ﾠstop	 ﾠreading	 ﾠthe	 ﾠword.	 ﾠThe	 ﾠ
interference	 ﾠmanifests	 ﾠitself	 ﾠby	 ﾠan	 ﾠincrease	 ﾠin	 ﾠresponse	 ﾠtime.	 ﾠThe	 ﾠST	 ﾠtogether	 ﾠwith	 ﾠthe	 ﾠSAT,	 ﾠas	 ﾠ
described	 ﾠabove,	 ﾠand	 ﾠthe	 ﾠCPT,	 ﾠwhich	 ﾠis	 ﾠa	 ﾠtest	 ﾠof	 ﾠsustained	 ﾠattention	 ﾠor	 ﾠfocus	 ﾠprovides	 ﾠthe	 ﾠstandard	 ﾠ
score	 ﾠ of	 ﾠ the	 ﾠ domain	 ﾠ Complex	 ﾠ Attention.	 ﾠ In	 ﾠ the	 ﾠ CPT,	 ﾠ participants	 ﾠ are	 ﾠ required,	 ﾠ for	 ﾠ 5	 ﾠ min.	 ﾠ
continuously,	 ﾠto	 ﾠindicate	 ﾠwhen	 ﾠa	 ﾠpre-ﾭ‐defined	 ﾠletter	 ﾠappears	 ﾠon	 ﾠscreen.	 ﾠ
3.5.1.3 Cognitive Flexibility	 ﾠ
Cognitive	 ﾠ flexibility	 ﾠ describes	 ﾠ the	 ﾠ ability	 ﾠ of	 ﾠ central	 ﾠ command	 ﾠ to	 ﾠ switch	 ﾠ behavioural	 ﾠ responses	 ﾠ
according	 ﾠ to	 ﾠ the	 ﾠ situation.	 ﾠ For	 ﾠ instance,	 ﾠ strategic	 ﾠ planning	 ﾠ and	 ﾠ organized	 ﾠ searching	 ﾠ utilizing	 ﾠ
environmental	 ﾠfeedback	 ﾠCognitive	 ﾠFlexibility	 ﾠallows	 ﾠfor	 ﾠa	 ﾠ3D	 ﾠattention	 ﾠshift	 ﾠwithout	 ﾠloosing	 ﾠfocus.	 ﾠIt	 ﾠ
is	 ﾠvery	 ﾠmuch	 ﾠlinked	 ﾠto	 ﾠExecutive	 ﾠFunction	 ﾠperformance	 ﾠand	 ﾠtherefore	 ﾠalso	 ﾠbased	 ﾠon	 ﾠthe	 ﾠSAT	 ﾠwith	 ﾠ
the	 ﾠaddition	 ﾠof	 ﾠST	 ﾠ[errors]	 ﾠin	 ﾠthe	 ﾠstandard	 ﾠscore	 ﾠcalculation.	 ﾠThe	 ﾠST	 ﾠprovides	 ﾠa	 ﾠselective	 ﾠattention	 ﾠ
element	 ﾠto	 ﾠthe	 ﾠCognitive	 ﾠFlexibility	 ﾠscore	 ﾠwhere	 ﾠinhibition	 ﾠof	 ﾠcompeting	 ﾠresponses	 ﾠis	 ﾠnecessary	 ﾠto	 ﾠ
choose	 ﾠappropriate	 ﾠbehavioural	 ﾠresponses.	 ﾠAn	 ﾠexample	 ﾠof	 ﾠCognitive	 ﾠFlexibility	 ﾠincludes	 ﾠthe	 ﾠability	 ﾠ
to	 ﾠsort	 ﾠan	 ﾠarray	 ﾠof	 ﾠinformation	 ﾠin	 ﾠa	 ﾠpredefined	 ﾠsequence.	 ﾠ	 ﾠ
3.5.1.4	 ﾠPsychomotor	 ﾠSpeed	 ﾠ
Psychomotor	 ﾠSpeed	 ﾠis	 ﾠthe	 ﾠability	 ﾠto	 ﾠthink	 ﾠand	 ﾠdo	 ﾠsomething	 ﾠfast.	 ﾠThe	 ﾠdomain	 ﾠis	 ﾠcomprised	 ﾠof	 ﾠthe	 ﾠ
Finger	 ﾠTapping	 ﾠTest	 ﾠ(the	 ﾠmotor-ﾭ‐part)	 ﾠand	 ﾠthe	 ﾠSingle	 ﾠDigit	 ﾠCoding	 ﾠtest	 ﾠ(psycho-ﾭ‐part).	 ﾠThe	 ﾠFinger	 ﾠ
Tapping	 ﾠTest	 ﾠis	 ﾠsimply	 ﾠa	 ﾠtest	 ﾠto	 ﾠsee	 ﾠhow	 ﾠfast	 ﾠone	 ﾠcan	 ﾠperform	 ﾠa	 ﾠsimple	 ﾠmotor	 ﾠtask.	 ﾠIn	 ﾠthe	 ﾠFTT	 ﾠthe	 ﾠ
participant	 ﾠtaps	 ﾠthe	 ﾠSPACE-ﾭ‐bar	 ﾠon	 ﾠa	 ﾠcomputer	 ﾠkeyboard	 ﾠas	 ﾠmany	 ﾠtimes	 ﾠas	 ﾠpossible	 ﾠfor	 ﾠ10	 ﾠsec.	 ﾠfor	 ﾠ
three	 ﾠtrials	 ﾠwith	 ﾠright	 ﾠand	 ﾠleft	 ﾠindex	 ﾠfinger	 ﾠseparately.	 ﾠThe	 ﾠscore	 ﾠis	 ﾠthen	 ﾠadded	 ﾠto	 ﾠthe	 ﾠSDC	 ﾠ[correct]	 ﾠ
responses.	 ﾠThe	 ﾠSDC	 ﾠtest	 ﾠrequires	 ﾠthe	 ﾠparticipant	 ﾠto	 ﾠnot	 ﾠonly	 ﾠbe	 ﾠquick	 ﾠmoving	 ﾠbut	 ﾠalso	 ﾠquick	 ﾠthinking	 ﾠ
by	 ﾠ matching	 ﾠ a	 ﾠ symbol	 ﾠ (decoding	 ﾠ information)	 ﾠ with	 ﾠ a	 ﾠ number	 ﾠ and	 ﾠ then	 ﾠ typing	 ﾠ that	 ﾠ number	 ﾠ
(movement	 ﾠexecution).	 ﾠ	 ﾠ
3.5.1.5	 ﾠReaction	 ﾠTime	 ﾠ
The	 ﾠReaction	 ﾠTime	 ﾠdomain	 ﾠscore	 ﾠin	 ﾠthe	 ﾠCNSVS	 ﾠtest	 ﾠbattery	 ﾠis	 ﾠa	 ﾠcombination	 ﾠof	 ﾠsimple	 ﾠand	 ﾠcomplex	 ﾠ
reaction	 ﾠtime.	 ﾠSimple	 ﾠreaction	 ﾠtime	 ﾠis	 ﾠgenerally	 ﾠdefined	 ﾠas	 ﾠthe	 ﾠability	 ﾠto	 ﾠrespond	 ﾠfast	 ﾠto	 ﾠa	 ﾠstimulus	 ﾠ
with	 ﾠno	 ﾠinterpretation	 ﾠrequired.	 ﾠFor	 ﾠinstance,	 ﾠas	 ﾠin	 ﾠthe	 ﾠfirst	 ﾠpart	 ﾠof	 ﾠthe	 ﾠST	 ﾠthe	 ﾠparticipant	 ﾠwas	 ﾠ
required	 ﾠto	 ﾠrespond	 ﾠby	 ﾠfinger	 ﾠtap	 ﾠon	 ﾠthe	 ﾠSPACE-ﾭ‐bar	 ﾠas	 ﾠsoon	 ﾠas	 ﾠa	 ﾠword	 ﾠof	 ﾠa	 ﾠcolour	 ﾠwritten	 ﾠin	 ﾠANY	 ﾠ
colour	 ﾠappeared	 ﾠon	 ﾠthe	 ﾠscreen.	 ﾠIn	 ﾠthis	 ﾠcase	 ﾠno	 ﾠinterpretation	 ﾠwas	 ﾠrequired	 ﾠjust	 ﾠa	 ﾠresponse	 ﾠto	 ﾠthe	 ﾠ
stimulus.	 ﾠConversely,	 ﾠComplex	 ﾠreaction	 ﾠtime	 ﾠis	 ﾠthe	 ﾠability	 ﾠto	 ﾠrapidly	 ﾠdecode	 ﾠthe	 ﾠstimulus	 ﾠand	 ﾠthen	 ﾠ
respond	 ﾠappropriately.	 ﾠFor	 ﾠinstance,	 ﾠin	 ﾠthe	 ﾠsecond	 ﾠpart	 ﾠof	 ﾠthe	 ﾠST,	 ﾠthe	 ﾠinstructions	 ﾠto	 ﾠonly	 ﾠpress	 ﾠthe	 ﾠ
SPACE-ﾭ‐bar	 ﾠwhen	 ﾠthe	 ﾠword	 ﾠand	 ﾠcolour	 ﾠdid	 ﾠNOT	 ﾠmatch	 ﾠ(e.g.	 ﾠthe	 ﾠword	 ﾠRED	 ﾠwritten	 ﾠwith	 ﾠthe	 ﾠcolour	 ﾠ
yellow)	 ﾠwas	 ﾠgiven.	 ﾠAn	 ﾠaverage	 ﾠof	 ﾠthe	 ﾠcorrect	 ﾠresponses	 ﾠfrom	 ﾠsimple	 ﾠand	 ﾠcomplex	 ﾠreaction	 ﾠtime	 ﾠ
tests	 ﾠprovide	 ﾠthe	 ﾠdomain	 ﾠstandard	 ﾠscore	 ﾠof	 ﾠReaction	 ﾠTime.	 ﾠ
3.5.1.6	 ﾠProcessing	 ﾠSpeed	 ﾠ
The	 ﾠProcessing	 ﾠSpeed	 ﾠdomain	 ﾠstandard	 ﾠscore	 ﾠis	 ﾠbased	 ﾠon	 ﾠthe	 ﾠdifference	 ﾠbetween	 ﾠthe	 ﾠcorrect	 ﾠand	 ﾠ
erroneous	 ﾠ responses	 ﾠ in	 ﾠ the	 ﾠ SDC	 ﾠ test.	 ﾠ As	 ﾠ mentioned	 ﾠ previously,	 ﾠ the	 ﾠ SDC	 ﾠ test	 ﾠ required	 ﾠ the	 ﾠ
participant	 ﾠto	 ﾠmatch	 ﾠa	 ﾠsymbol	 ﾠwith	 ﾠa	 ﾠnumber	 ﾠand	 ﾠthen	 ﾠtyping	 ﾠthat	 ﾠnumber.	 ﾠ“Thinking	 ﾠtime”	 ﾠis	 ﾠthe	 ﾠ
kind	 ﾠ of	 ﾠ attention	 ﾠ required	 ﾠ to	 ﾠ successfully	 ﾠ capture	 ﾠ information,	 ﾠ process	 ﾠ it	 ﾠ and	 ﾠ respond	 ﾠ
appropriately.	 ﾠIt	 ﾠis	 ﾠa	 ﾠcognitive	 ﾠfunction	 ﾠthat	 ﾠinfluences	 ﾠthe	 ﾠability	 ﾠto	 ﾠcomprehend	 ﾠlengthy,	 ﾠdetailed	 ﾠ
and	 ﾠfast	 ﾠinstructions	 ﾠor	 ﾠengage	 ﾠin	 ﾠconversations	 ﾠwithout	 ﾠloosing	 ﾠattention.	 ﾠ
3.6 Protocol  
Participants	 ﾠwere	 ﾠgreeted	 ﾠby	 ﾠan	 ﾠinvestigator	 ﾠwho,	 ﾠwith	 ﾠthe	 ﾠparticipant,	 ﾠwent	 ﾠthrough	 ﾠthe	 ﾠmaterial	 ﾠ
in	 ﾠthe	 ﾠinformed	 ﾠconsent	 ﾠdocument,	 ﾠincluding	 ﾠhow	 ﾠthe	 ﾠstudy	 ﾠwould	 ﾠbe	 ﾠconducted,	 ﾠand	 ﾠwhat	 ﾠwas	 ﾠ
being	 ﾠassessed.	 ﾠAny	 ﾠquestions	 ﾠwere	 ﾠalso	 ﾠaddressed	 ﾠhere,	 ﾠwith	 ﾠthe	 ﾠopportunity	 ﾠto	 ﾠaddress	 ﾠany	 ﾠ
further	 ﾠquestions	 ﾠthat	 ﾠarose	 ﾠat	 ﾠthe	 ﾠend	 ﾠof	 ﾠthe	 ﾠstudy.	 ﾠAnother	 ﾠinvestigator	 ﾠthen	 ﾠran	 ﾠthe	 ﾠapparatus.	 ﾠ
The	 ﾠsame	 ﾠinvestigator	 ﾠran	 ﾠeach	 ﾠintroduction	 ﾠand	 ﾠthe	 ﾠsame	 ﾠinvestigator	 ﾠran	 ﾠeach	 ﾠparticipant	 ﾠtrial.	 ﾠ	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Participants	 ﾠthen	 ﾠbegan	 ﾠeach	 ﾠcondition	 ﾠby	 ﾠlying	 ﾠdown	 ﾠfor	 ﾠten	 ﾠminutes.	 ﾠThis	 ﾠrest	 ﾠperiod	 ﾠis	 ﾠa	 ﾠstandard	 ﾠ
approach	 ﾠ(Hayano	 ﾠet	 ﾠal.	 ﾠ1991)	 ﾠto	 ﾠbring	 ﾠheart	 ﾠrate	 ﾠ(HR)	 ﾠand	 ﾠheart	 ﾠrate	 ﾠvariability	 ﾠ(HRV)	 ﾠlevels	 ﾠto	 ﾠ
resting	 ﾠstate	 ﾠand	 ﾠto	 ﾠhave	 ﾠthe	 ﾠmost	 ﾠconsistent	 ﾠphysical	 ﾠstart	 ﾠto	 ﾠeach	 ﾠtest	 ﾠcondition.	 ﾠInfluencing	 ﾠ
factors	 ﾠlike	 ﾠracing	 ﾠup	 ﾠthe	 ﾠstairs	 ﾠto	 ﾠget	 ﾠto	 ﾠthe	 ﾠstudy	 ﾠroom,	 ﾠor	 ﾠto	 ﾠlower	 ﾠthe	 ﾠheart	 ﾠagain	 ﾠafter	 ﾠany	 ﾠ
elevation	 ﾠcaused	 ﾠby	 ﾠthe	 ﾠinitial	 ﾠtest	 ﾠblock	 ﾠ(George	 ﾠet	 ﾠal.	 ﾠ1989)	 ﾠResting	 ﾠfor	 ﾠten	 ﾠminutes	 ﾠprior	 ﾠeach	 ﾠ
test	 ﾠ condition	 ﾠ commencement	 ﾠ and	 ﾠ thereby	 ﾠ re-ﾭ‐setting	 ﾠ vagal	 ﾠ tone	 ﾠ could	 ﾠ be	 ﾠ achieved.	 ﾠ The	 ﾠ
participants	 ﾠwere	 ﾠleft	 ﾠon	 ﾠtheir	 ﾠown	 ﾠduring	 ﾠthe	 ﾠrest	 ﾠperiod.	 ﾠ	 ﾠ	 ﾠ
Participants	 ﾠwere	 ﾠrandomly	 ﾠassigned	 ﾠto	 ﾠa	 ﾠseated	 ﾠfirst	 ﾠor	 ﾠstanding	 ﾠfirst	 ﾠcondition.	 ﾠWe	 ﾠended	 ﾠup	 ﾠwith	 ﾠ
8	 ﾠ standing	 ﾠ first	 ﾠ and	 ﾠ 9	 ﾠ sitting	 ﾠ first	 ﾠ with	 ﾠ one	 ﾠ sitting	 ﾠ test	 ﾠ spoiled,	 ﾠ so	 ﾠ evenly	 ﾠ matched	 ﾠ sitting	 ﾠ and	 ﾠ
standing	 ﾠstarts.	 ﾠ	 ﾠ
Participants	 ﾠwere	 ﾠshown	 ﾠhow	 ﾠto	 ﾠstart	 ﾠthe	 ﾠtests	 ﾠon	 ﾠthe	 ﾠlaptop	 ﾠwhen	 ﾠthey	 ﾠwere	 ﾠready	 ﾠto	 ﾠbegin;	 ﾠthe	 ﾠ
program	 ﾠguided	 ﾠthem	 ﾠthrough	 ﾠeach	 ﾠtest,	 ﾠand	 ﾠindicated	 ﾠcompletion.	 ﾠBetween	 ﾠtest	 ﾠconditions,	 ﾠthe	 ﾠ
laptop	 ﾠwas	 ﾠrepositioned	 ﾠfor	 ﾠthe	 ﾠnext	 ﾠcondition.	 ﾠ	 ﾠ
The	 ﾠtotal	 ﾠtest	 ﾠtime	 ﾠincluding	 ﾠrest	 ﾠtook	 ﾠon	 ﾠaverage	 ﾠan	 ﾠhour	 ﾠand	 ﾠten	 ﾠminutes.	 ﾠ	 ﾠ
4. RESULTS 
The	 ﾠ overall	 ﾠ results	 ﾠ showed	 ﾠ that,	 ﾠ for	 ﾠ Complex	 ﾠ Attention,	 ﾠ seated	 ﾠ performance	 ﾠ was	 ﾠ significantly	 ﾠ
better	 ﾠthan	 ﾠstanding	 ﾠ[seated:	 ﾠ99+/-ﾭ‐7.9;	 ﾠstanding:	 ﾠ94+/-ﾭ‐8.1;	 ﾠp=0.009].	 ﾠIn	 ﾠthe	 ﾠother	 ﾠdomains,	 ﾠno	 ﾠ
significant	 ﾠdifference	 ﾠbetween	 ﾠconditions	 ﾠcould	 ﾠbe	 ﾠdetected.	 ﾠMovement	 ﾠin	 ﾠpercentile	 ﾠranks	 ﾠwas	 ﾠ
also	 ﾠ significant	 ﾠ in	 ﾠ Complex	 ﾠ Attention	 ﾠ [seated:	 ﾠ 49+/-ﾭ‐19.1;	 ﾠ standing:	 ﾠ 36+/-ﾭ‐18.2;	 ﾠ p=0.008],	 ﾠ which	 ﾠ
corresponds	 ﾠto	 ﾠa	 ﾠshift	 ﾠtowards	 ﾠthe	 ﾠlower	 ﾠend	 ﾠof	 ﾠthe	 ﾠ“average”	 ﾠor	 ﾠ“normal”	 ﾠpercentile.	 ﾠ	 ﾠ	 ﾠ
We	 ﾠused	 ﾠa	 ﾠtwo-ﾭ‐tailed	 ﾠStudent’s	 ﾠt-ﾭ‐test	 ﾠwith	 ﾠrepeated	 ﾠmeasures	 ﾠto	 ﾠtest	 ﾠfor	 ﾠsignificant	 ﾠdifferences	 ﾠ
between	 ﾠthe	 ﾠstanding	 ﾠand	 ﾠseated	 ﾠcondition.	 ﾠWe	 ﾠchose	 ﾠthis	 ﾠstatistical	 ﾠtest	 ﾠover	 ﾠthe	 ﾠANOVA	 ﾠsince	 ﾠ
the	 ﾠmain	 ﾠdomains	 ﾠare	 ﾠcalculated	 ﾠby	 ﾠadding	 ﾠseveral	 ﾠsubtest	 ﾠscores	 ﾠtogether	 ﾠand	 ﾠthereby	 ﾠalready	 ﾠ
have	 ﾠsignificant	 ﾠinteraction	 ﾠbetween	 ﾠthem	 ﾠ(Gualtieri	 ﾠ&	 ﾠJohnson	 ﾠ2006).	 ﾠAn	 ﾠalpha	 ﾠlevel	 ﾠof	 ﾠ<0.05	 ﾠwas	 ﾠ
considered	 ﾠsignificant	 ﾠunless	 ﾠotherwise	 ﾠspecified	 ﾠand	 ﾠwe	 ﾠreport	 ﾠresults	 ﾠas	 ﾠmeans	 ﾠ+/-ﾭ‐	 ﾠSD.	 ﾠ
4.1 Hypotheses  
Our	 ﾠ first	 ﾠ hypothesis	 ﾠ on	 ﾠ the	 ﾠ significant	 ﾠ effect	 ﾠ of	 ﾠ self-ﾭ‐positioning	 ﾠ on	 ﾠ cognitive	 ﾠ performance	 ﾠ was	 ﾠ
proven.	 ﾠThe	 ﾠresults	 ﾠshowed	 ﾠa	 ﾠsignificant	 ﾠstatistical	 ﾠdifference	 ﾠbetween	 ﾠconditions	 ﾠin	 ﾠthe	 ﾠComplex	 ﾠ
Attention	 ﾠ domain	 ﾠ of	 ﾠ cognitive	 ﾠ performance.	 ﾠ Our	 ﾠ second	 ﾠ hypothesis	 ﾠ of	 ﾠ the	 ﾠ standing	 ﾠ condition	 ﾠ
showing	 ﾠ better	 ﾠ results	 ﾠ on	 ﾠ cognitive	 ﾠ performance	 ﾠ was	 ﾠ disproven.	 ﾠ Complex	 ﾠ Attention	 ﾠ standard	 ﾠ
scores	 ﾠwere	 ﾠsignificantly	 ﾠhigher	 ﾠin	 ﾠthe	 ﾠseated	 ﾠcondition	 ﾠcompared	 ﾠto	 ﾠthe	 ﾠstanding	 ﾠcondition.	 ﾠ
None	 ﾠ of	 ﾠ the	 ﾠ other	 ﾠ domains	 ﾠ of	 ﾠ cognitive	 ﾠ performance	 ﾠ were	 ﾠ statistically	 ﾠ different	 ﾠ in	 ﾠ the	 ﾠ two	 ﾠ
conditions	 ﾠthus	 ﾠindicating	 ﾠthat	 ﾠa	 ﾠsubset	 ﾠof	 ﾠ“global“	 ﾠcognitive	 ﾠperformance	 ﾠis	 ﾠaffected	 ﾠbut	 ﾠnot	 ﾠall	 ﾠ
aspects.	 ﾠ
5. DISCUSSION  
There	 ﾠare	 ﾠseveral	 ﾠtake	 ﾠaways	 ﾠfrom	 ﾠthis	 ﾠstudy.	 ﾠThe	 ﾠfirst	 ﾠand	 ﾠperhaps	 ﾠmost	 ﾠobvious	 ﾠis	 ﾠthat	 ﾠself-ﾭ‐
position	 ﾠdoes	 ﾠhave	 ﾠan	 ﾠeffect	 ﾠon	 ﾠdomains	 ﾠof	 ﾠcognitive	 ﾠperformance.	 ﾠOf	 ﾠthose	 ﾠdomains	 ﾠtested,	 ﾠit’s	 ﾠ
clear	 ﾠthat	 ﾠfor	 ﾠcomplex	 ﾠattention	 ﾠtasks,	 ﾠsitting	 ﾠis	 ﾠsignificantly	 ﾠbetter	 ﾠthan	 ﾠstanding.	 ﾠPerhaps	 ﾠequally	 ﾠ
interestingly,	 ﾠposition	 ﾠdoes	 ﾠnot	 ﾠaffect	 ﾠthe	 ﾠother	 ﾠtested	 ﾠdomains	 ﾠof	 ﾠcognitive	 ﾠperformance.	 ﾠ	 ﾠ
There	 ﾠare	 ﾠseveral	 ﾠquestions	 ﾠthat	 ﾠfall	 ﾠout	 ﾠof	 ﾠthese	 ﾠresults.	 ﾠFirst,	 ﾠfor	 ﾠthe	 ﾠsignificant	 ﾠdifferences	 ﾠin	 ﾠthe	 ﾠ
complex	 ﾠattention	 ﾠdomain,	 ﾠwe	 ﾠmust	 ﾠnote	 ﾠthat	 ﾠthe	 ﾠdifference	 ﾠoverall	 ﾠstill	 ﾠkeeps	 ﾠperformance	 ﾠwithin	 ﾠ
the	 ﾠsame	 ﾠNormal	 ﾠAverage	 ﾠpercentile	 ﾠ–	 ﾠit	 ﾠsimply	 ﾠswitches	 ﾠfrom	 ﾠthe	 ﾠmiddle	 ﾠof	 ﾠthe	 ﾠpercentile	 ﾠ(seated)	 ﾠ
to	 ﾠ the	 ﾠ lower	 ﾠ end	 ﾠ of	 ﾠ the	 ﾠ percentile	 ﾠ (standing).	 ﾠ This	 ﾠ effect	 ﾠ MAY	 ﾠ be	 ﾠ a	 ﾠ significance	 ﾠ without	 ﾠ a	 ﾠ
particularly	 ﾠperformative	 ﾠdifference	 ﾠonce	 ﾠapplied	 ﾠto	 ﾠreal	 ﾠworld	 ﾠinteractions.	 ﾠ	 ﾠ
Indeed,	 ﾠfor	 ﾠboth	 ﾠsignificant	 ﾠand	 ﾠnon-ﾭ‐significant	 ﾠresults,	 ﾠfor	 ﾠdesign	 ﾠwe	 ﾠwill	 ﾠneed	 ﾠto	 ﾠunderstand	 ﾠhow	 ﾠ
such	 ﾠtests	 ﾠthat	 ﾠexplore	 ﾠa	 ﾠsingle	 ﾠperformance	 ﾠfactor	 ﾠmap	 ﾠto	 ﾠreal-ﾭ‐world	 ﾠinteractions	 ﾠthat	 ﾠwill	 ﾠbe	 ﾠmore	 ﾠAre You Sitting Down 
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complex	 ﾠ and	 ﾠ nuanced.	 ﾠ In	 ﾠ other	 ﾠ words,	 ﾠ we	 ﾠ have	 ﾠ a	 ﾠ rather	 ﾠ abstract	 ﾠ assessment	 ﾠ in	 ﾠ the	 ﾠ CEF	 ﾠ test	 ﾠ
battery.	 ﾠIn	 ﾠterms	 ﾠof	 ﾠextrapolating	 ﾠconclusions	 ﾠabout	 ﾠeffect	 ﾠfor	 ﾠreal	 ﾠworld	 ﾠinteractions,	 ﾠthe	 ﾠmost	 ﾠwe	 ﾠ
can	 ﾠsay	 ﾠright	 ﾠnow	 ﾠis	 ﾠthat	 ﾠthere	 ﾠis	 ﾠan	 ﾠeffect,	 ﾠand	 ﾠthat	 ﾠseems	 ﾠworth	 ﾠpursuing	 ﾠto	 ﾠsee	 ﾠhow	 ﾠthis	 ﾠbaseline	 ﾠ
abstraction	 ﾠ around	 ﾠ self-ﾭ‐position	 ﾠ and	 ﾠ cognitive	 ﾠ performance	 ﾠ plays	 ﾠ when	 ﾠ applied	 ﾠ to	 ﾠ real	 ﾠ world	 ﾠ
interactions.	 ﾠ
For	 ﾠcomplex	 ﾠattention,	 ﾠfor	 ﾠinstance,	 ﾠwhere	 ﾠthere	 ﾠwas	 ﾠsignificant	 ﾠdifference	 ﾠbetween	 ﾠsitting	 ﾠand	 ﾠ
standing,	 ﾠa	 ﾠpossible	 ﾠmapping	 ﾠbetween	 ﾠassessment	 ﾠtasks	 ﾠand	 ﾠreal	 ﾠactivity	 ﾠmay	 ﾠseen	 ﾠin	 ﾠgame	 ﾠdesign	 ﾠ
that	 ﾠmanages	 ﾠpuzzle	 ﾠsolving	 ﾠand	 ﾠpattern	 ﾠrecognition.	 ﾠMah	 ﾠJong	 ﾠand	 ﾠTetris,	 ﾠwith	 ﾠtheir	 ﾠemphasis	 ﾠon	 ﾠ
recall	 ﾠand	 ﾠsymbol	 ﾠmanipulation	 ﾠmay	 ﾠbe	 ﾠbetter	 ﾠplayed	 ﾠsitting	 ﾠdown.	 ﾠSimilarly,	 ﾠcarrying	 ﾠon	 ﾠan	 ﾠonline	 ﾠ
conversation	 ﾠwhile	 ﾠorganizing	 ﾠan	 ﾠattendee	 ﾠlist	 ﾠfor	 ﾠa	 ﾠconference,	 ﾠwhile	 ﾠkeeping	 ﾠan	 ﾠeye	 ﾠon	 ﾠone’s	 ﾠ
inbox	 ﾠmay	 ﾠalso	 ﾠbe	 ﾠdone	 ﾠbetter	 ﾠsitting	 ﾠdown	 ﾠ(if	 ﾠdone	 ﾠat	 ﾠall).	 ﾠWorking	 ﾠthrough	 ﾠa	 ﾠdifficult	 ﾠpart	 ﾠof	 ﾠa	 ﾠ
math	 ﾠproof	 ﾠmay	 ﾠalso	 ﾠbenefit	 ﾠfrom	 ﾠbeing	 ﾠseated,	 ﾠrather	 ﾠthan	 ﾠstanding.	 ﾠ	 ﾠ
The	 ﾠmath	 ﾠproof	 ﾠraises	 ﾠan	 ﾠinteresting	 ﾠquestion,	 ﾠhowever.	 ﾠMany	 ﾠof	 ﾠus	 ﾠexperience	 ﾠbreakthroughs	 ﾠto	 ﾠ
problems	 ﾠwhen	 ﾠwe	 ﾠare	 ﾠeither	 ﾠgoing	 ﾠfor	 ﾠa	 ﾠwalk	 ﾠor	 ﾠshampooing	 ﾠour	 ﾠheads	 ﾠin	 ﾠthe	 ﾠshower,	 ﾠand	 ﾠgetting	 ﾠ
away	 ﾠfrom	 ﾠthe	 ﾠseated,	 ﾠworking	 ﾠmemory	 ﾠfocus	 ﾠof	 ﾠgrinding	 ﾠaway	 ﾠat	 ﾠthe	 ﾠdesk.	 ﾠIndeed	 ﾠthere	 ﾠis	 ﾠan	 ﾠ
entire	 ﾠ literature	 ﾠ devoted	 ﾠ to	 ﾠ understanding	 ﾠ what	 ﾠ is	 ﾠ actually	 ﾠ formally	 ﾠ called	 ﾠ “the	 ﾠ aha	 ﾠ moment”	 ﾠ
(Kounios	 ﾠ et	 ﾠ al.	 ﾠ 2006).	 ﾠ In	 ﾠ terms	 ﾠ of	 ﾠ our	 ﾠ design	 ﾠ goals	 ﾠ to	 ﾠ use	 ﾠ self-ﾭ‐position	 ﾠ to	 ﾠ support	 ﾠ cognitive	 ﾠ
performance,	 ﾠwe	 ﾠmay	 ﾠask,	 ﾠare	 ﾠthere	 ﾠways	 ﾠthat	 ﾠwe	 ﾠcan	 ﾠhelp	 ﾠpeople	 ﾠidentify	 ﾠthe	 ﾠmoments	 ﾠto	 ﾠshift	 ﾠ
self-ﾭ‐position	 ﾠ(going	 ﾠfrom	 ﾠseated	 ﾠwork	 ﾠto	 ﾠmobile	 ﾠcogitation)	 ﾠsooner	 ﾠand	 ﾠthus	 ﾠaccelerate	 ﾠpace	 ﾠof	 ﾠ
breakthroughs?	 ﾠ	 ﾠ
For	 ﾠthe	 ﾠdomains	 ﾠwhere	 ﾠwe	 ﾠhave	 ﾠnon-ﾭ‐significant	 ﾠdifferences	 ﾠbetween	 ﾠseating	 ﾠand	 ﾠstanding,	 ﾠsuch	 ﾠas	 ﾠ
with	 ﾠpsychomotor	 ﾠspeed	 ﾠand	 ﾠreaction	 ﾠtime,	 ﾠas	 ﾠwell	 ﾠas	 ﾠwith	 ﾠcognitive	 ﾠflexibility,	 ﾠwe	 ﾠsee	 ﾠno	 ﾠreal	 ﾠ
differences	 ﾠin	 ﾠsitting	 ﾠor	 ﾠstanding.	 ﾠThat	 ﾠis,	 ﾠperforming	 ﾠa	 ﾠmotor	 ﾠtask	 ﾠlike	 ﾠtarget	 ﾠacquisition	 ﾠ(pointer	 ﾠto	 ﾠ
icon)	 ﾠor	 ﾠmanipulating	 ﾠa	 ﾠgame	 ﾠcontroller	 ﾠor	 ﾠshifting	 ﾠattention	 ﾠfrom	 ﾠone’s	 ﾠmail	 ﾠto	 ﾠone’s	 ﾠtax	 ﾠreturn	 ﾠ
may	 ﾠnot	 ﾠbe	 ﾠaffected	 ﾠby	 ﾠposition.	 ﾠIF	 ﾠhowever	 ﾠwe	 ﾠare	 ﾠshifting	 ﾠfrom	 ﾠan	 ﾠinteraction	 ﾠlike	 ﾠsocial	 ﾠnetwork	 ﾠ
updates	 ﾠto	 ﾠdoing	 ﾠthe	 ﾠtax	 ﾠreturn,	 ﾠwhere	 ﾠwe	 ﾠare	 ﾠdrawing	 ﾠupon	 ﾠcomplex	 ﾠattention	 ﾠto	 ﾠmanage	 ﾠsymbols	 ﾠ
and	 ﾠmake	 ﾠdecisions,	 ﾠwe	 ﾠmay	 ﾠwish	 ﾠto	 ﾠmove	 ﾠfrom	 ﾠstanding	 ﾠto	 ﾠsitting.	 ﾠ	 ﾠ
An	 ﾠattribute	 ﾠof	 ﾠnote	 ﾠwithin	 ﾠthe	 ﾠresults	 ﾠis	 ﾠthat	 ﾠbetween	 ﾠstanding	 ﾠand	 ﾠsitting	 ﾠin	 ﾠcomplex	 ﾠattention,	 ﾠ
there	 ﾠis	 ﾠonly	 ﾠa	 ﾠnarrow	 ﾠ–	 ﾠbut	 ﾠstatistically	 ﾠsignificant	 ﾠmovement	 ﾠwithin	 ﾠa	 ﾠpercentile.	 ﾠThe	 ﾠresults	 ﾠmove	 ﾠ
from	 ﾠthe	 ﾠmiddle	 ﾠof	 ﾠthe	 ﾠaverage	 ﾠpercentile	 ﾠ(sitting)	 ﾠto	 ﾠthe	 ﾠlower	 ﾠaverage	 ﾠpercentile	 ﾠ(standing).	 ﾠThe	 ﾠ
question	 ﾠ may	 ﾠ be	 ﾠ to	 ﾠ ask	 ﾠ is	 ﾠ whether	 ﾠ this	 ﾠ statistically	 ﾠ significant	 ﾠ difference	 ﾠ will	 ﾠ be	 ﾠ masked	 ﾠ or	 ﾠ
amplified	 ﾠin	 ﾠreal	 ﾠworld	 ﾠcontexts,	 ﾠand	 ﾠif	 ﾠso,	 ﾠwhich	 ﾠones?	 ﾠ
For	 ﾠinstance,	 ﾠthere	 ﾠare	 ﾠmore	 ﾠpeople	 ﾠblogging	 ﾠabout	 ﾠhow	 ﾠhappy	 ﾠthey	 ﾠare	 ﾠsince	 ﾠthey	 ﾠswitched	 ﾠfrom	 ﾠ
seated	 ﾠ to	 ﾠ standing	 ﾠ desks
1.	 ﾠ Anecdotally,	 ﾠ we	 ﾠ have	 ﾠ also	 ﾠ witnessed	 ﾠ this	 ﾠ in	 ﾠ talking	 ﾠ with	 ﾠ people	 ﾠ in	 ﾠ
organizations	 ﾠwho	 ﾠhave	 ﾠnot	 ﾠhad	 ﾠto	 ﾠpay	 ﾠfor	 ﾠthe	 ﾠdesk	 ﾠchange,	 ﾠso	 ﾠare	 ﾠpresumably	 ﾠnot	 ﾠmotivated	 ﾠto	 ﾠ
approve	 ﾠan	 ﾠexpensive	 ﾠchoice.	 ﾠThey	 ﾠspeak	 ﾠof	 ﾠgetting	 ﾠmore	 ﾠwork	 ﾠdone,	 ﾠfeeling	 ﾠbetter,	 ﾠand	 ﾠgenerally	 ﾠ
believing	 ﾠthat	 ﾠthey	 ﾠmove	 ﾠmore	 ﾠduring	 ﾠthe	 ﾠday,	 ﾠand	 ﾠthat	 ﾠall	 ﾠthese	 ﾠare	 ﾠpositive	 ﾠeffects.	 ﾠDo	 ﾠthese	 ﾠ
perceived	 ﾠbenefits	 ﾠoutweigh	 ﾠthe	 ﾠpotential	 ﾠcognitive	 ﾠcosts	 ﾠof	 ﾠstanding	 ﾠwhen	 ﾠit	 ﾠmight	 ﾠbe	 ﾠbetter	 ﾠfor	 ﾠa	 ﾠ
type	 ﾠof	 ﾠcognitive	 ﾠprocess	 ﾠto	 ﾠsit?	 ﾠ	 ﾠ
Indeed,	 ﾠphysiologically,	 ﾠsome	 ﾠhuman	 ﾠfactors	 ﾠresearchers	 ﾠin	 ﾠergonomics	 ﾠhave	 ﾠsuggested	 ﾠthat	 ﾠthere	 ﾠ
are	 ﾠnegatives	 ﾠto	 ﾠstanding	 ﾠall	 ﾠday	 ﾠjust	 ﾠas	 ﾠthere	 ﾠare	 ﾠto	 ﾠsitting.	 ﾠThey	 ﾠrecommend	 ﾠchanging	 ﾠposition	 ﾠ
from	 ﾠseated	 ﾠto	 ﾠstanding	 ﾠthroughout	 ﾠthe	 ﾠday	 ﾠ(Hedge	 ﾠ2011)	 ﾠThis	 ﾠcouncil	 ﾠ-ﾭ‐-ﾭ‐	 ﾠsit	 ﾠor	 ﾠstand	 ﾠanytime	 ﾠ-ﾭ‐-ﾭ‐	 ﾠ
may	 ﾠbe	 ﾠmore	 ﾠrandom	 ﾠthan	 ﾠnecessary.	 ﾠAgain,	 ﾠin	 ﾠterms	 ﾠof	 ﾠinteraction	 ﾠdesign,	 ﾠit	 ﾠseems	 ﾠthere	 ﾠis	 ﾠan	 ﾠ
opportunity	 ﾠto	 ﾠinvestigate	 ﾠhow	 ﾠto	 ﾠreflect	 ﾠback	 ﾠto	 ﾠa	 ﾠperson,	 ﾠbased	 ﾠon	 ﾠwhat	 ﾠthey	 ﾠare	 ﾠdoing,	 ﾠfor	 ﾠhow	 ﾠ
long	 ﾠ and	 ﾠ perhaps	 ﾠ in	 ﾠ combination	 ﾠ with	 ﾠ other	 ﾠ self-ﾭ‐monitoring	 ﾠ devices,	 ﾠ when	 ﾠ these	 ﾠ self-ﾭ‐position	 ﾠ
changes	 ﾠmight	 ﾠbest	 ﾠbe	 ﾠundertaken.	 ﾠ	 ﾠ
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Effectively,	 ﾠour	 ﾠcurrent	 ﾠstudy	 ﾠhas	 ﾠsuggested	 ﾠthat	 ﾠwe	 ﾠhave	 ﾠmore	 ﾠquestions	 ﾠfor	 ﾠunderstanding	 ﾠhow	 ﾠ
the	 ﾠbody-ﾭ‐brain	 ﾠinteraction	 ﾠmay	 ﾠinform	 ﾠinteraction	 ﾠdesign,	 ﾠthat	 ﾠwe	 ﾠhave	 ﾠanswers.	 ﾠWe	 ﾠare	 ﾠhesitant	 ﾠ
at	 ﾠthis	 ﾠstage	 ﾠto	 ﾠsuggest	 ﾠSitting	 ﾠis	 ﾠBetter	 ﾠthan	 ﾠStanding	 ﾠfor	 ﾠTask	 ﾠX	 ﾠeven	 ﾠas	 ﾠa	 ﾠheuristic,	 ﾠgiven	 ﾠthe	 ﾠ
number	 ﾠof	 ﾠcaveats	 ﾠabout	 ﾠthe	 ﾠstudy,	 ﾠaddressed	 ﾠbelow.	 ﾠWe	 ﾠdo	 ﾠsee	 ﾠthat	 ﾠthis	 ﾠearly	 ﾠresult	 ﾠis	 ﾠstrong	 ﾠ
enough	 ﾠto	 ﾠ warrant	 ﾠfurther	 ﾠinvestigation	 ﾠfor	 ﾠthe	 ﾠtypes	 ﾠof	 ﾠquestions	 ﾠit	 ﾠhas	 ﾠopened,	 ﾠas	 ﾠwe	 ﾠhave	 ﾠ
described	 ﾠhere.	 ﾠ
5.1 Limitations of Design 
We	 ﾠcustomized	 ﾠthe	 ﾠCNSVS	 ﾠtest	 ﾠbattery	 ﾠleaving	 ﾠout	 ﾠthe	 ﾠVisual	 ﾠand	 ﾠVerbal	 ﾠMemory	 ﾠTests	 ﾠ(VIM	 ﾠand	 ﾠ
VBM,	 ﾠ respectively).	 ﾠ Gualtieri	 ﾠ &	 ﾠ Johnson	 ﾠ (Gualtieri	 ﾠ and	 ﾠ Johnson	 ﾠ 2006)	 ﾠ showed	 ﾠ high	 ﾠ test-ﾭ‐rest	 ﾠ
reliability	 ﾠof	 ﾠthe	 ﾠcomplete	 ﾠCNSVS	 ﾠtest	 ﾠbattery	 ﾠas	 ﾠwell	 ﾠas	 ﾠwithin	 ﾠthe	 ﾠindividual	 ﾠdomains.	 ﾠHowever,	 ﾠ
due	 ﾠto	 ﾠour	 ﾠexperimental	 ﾠdesign	 ﾠof	 ﾠrunning	 ﾠthe	 ﾠtwo	 ﾠtest	 ﾠconditions	 ﾠon	 ﾠthe	 ﾠsame	 ﾠday	 ﾠfor	 ﾠeach	 ﾠ
participant	 ﾠthe	 ﾠVIM	 ﾠand	 ﾠVBM	 ﾠwas	 ﾠexcluded	 ﾠdue	 ﾠto	 ﾠthe	 ﾠshort-ﾭ‐term	 ﾠlearning	 ﾠeffect	 ﾠthese	 ﾠmight	 ﾠ
produce.	 ﾠFor	 ﾠthe	 ﾠsame	 ﾠreason,	 ﾠas	 ﾠwell	 ﾠas	 ﾠa	 ﾠtime	 ﾠefficiency	 ﾠstandpoint,	 ﾠwe	 ﾠalso	 ﾠexcluded	 ﾠnon-ﾭ‐verbal	 ﾠ
reasoning	 ﾠand	 ﾠsocial	 ﾠacuity.	 ﾠBesides	 ﾠavoiding	 ﾠhaving	 ﾠa	 ﾠlearning	 ﾠeffect	 ﾠto	 ﾠtake	 ﾠplace,	 ﾠthe	 ﾠunderlying	 ﾠ
argumentation	 ﾠfor	 ﾠexcluding	 ﾠ(non-ﾭ‐verbal)	 ﾠsocial	 ﾠbehaviour	 ﾠis	 ﾠfound	 ﾠin	 ﾠthe	 ﾠoutcome	 ﾠmeasures	 ﾠof	 ﾠ
interest.	 ﾠ The	 ﾠ aforementioned	 ﾠ subtests	 ﾠ rely	 ﾠ more	 ﾠ on	 ﾠ emotional	 ﾠ perception	 ﾠ than	 ﾠ cognitive	 ﾠ
performance.	 ﾠWhile	 ﾠthat	 ﾠis	 ﾠof	 ﾠgreat	 ﾠinterest	 ﾠtoo,	 ﾠwe	 ﾠdecided	 ﾠto	 ﾠexclude	 ﾠthose	 ﾠfrom	 ﾠthis	 ﾠtrial.	 ﾠ	 ﾠDue	 ﾠ
to	 ﾠthe	 ﾠhigh	 ﾠtest-ﾭ‐re-ﾭ‐test	 ﾠreliability	 ﾠof	 ﾠeach	 ﾠof	 ﾠthe	 ﾠdomain	 ﾠstandard	 ﾠscores	 ﾠ(Gualtieri	 ﾠ&	 ﾠJohnson	 ﾠ2006)	 ﾠ
the	 ﾠ customization	 ﾠ of	 ﾠ the	 ﾠ CNSVS	 ﾠ test	 ﾠ battery	 ﾠ is	 ﾠ an	 ﾠ appropriate	 ﾠ adjustment	 ﾠ to	 ﾠ make	 ﾠ whenever	 ﾠ
necessary	 ﾠas	 ﾠrecommend	 ﾠby	 ﾠthe	 ﾠcreators	 ﾠof	 ﾠthe	 ﾠCNSVS	 ﾠtest	 ﾠbattery
2.	 ﾠ
In	 ﾠterms	 ﾠof	 ﾠposition,	 ﾠwe	 ﾠdid	 ﾠnot	 ﾠconsider	 ﾠa	 ﾠparticularly	 ﾠcommon	 ﾠstyle	 ﾠof	 ﾠworking	 ﾠwith	 ﾠlaptops,	 ﾠ
which	 ﾠis	 ﾠreclining,	 ﾠa	 ﾠposture	 ﾠmade	 ﾠgeek-ﾭ‐cultishly	 ﾠ popular	 ﾠ as	 ﾠ brogramming.
3	 ﾠ Because	 ﾠtwo	 ﾠtests	 ﾠ
already	 ﾠ take	 ﾠ over	 ﾠ an	 ﾠ hour	 ﾠ to	 ﾠ complete,	 ﾠ our	 ﾠ goal	 ﾠ has	 ﾠ been	 ﾠ to	 ﾠ test	 ﾠ more	 ﾠ common	 ﾠ work-ﾭ‐place	 ﾠ
postures.	 ﾠNow	 ﾠthat	 ﾠwe	 ﾠhave	 ﾠseen	 ﾠan	 ﾠeffect	 ﾠespecially	 ﾠon	 ﾠcomplex	 ﾠattention,	 ﾠwe	 ﾠplan	 ﾠto	 ﾠtest	 ﾠat	 ﾠleast	 ﾠ
this	 ﾠCEF	 ﾠassessment	 ﾠin	 ﾠa	 ﾠreclined	 ﾠposition.	 ﾠIF	 ﾠperformance	 ﾠhere	 ﾠis	 ﾠsignificantly	 ﾠbetter	 ﾠagain	 ﾠthan	 ﾠ
seated,	 ﾠsuch	 ﾠa	 ﾠresult	 ﾠmay	 ﾠhave	 ﾠimplications	 ﾠfor	 ﾠworkplace	 ﾠdesigns	 ﾠto	 ﾠnew	 ﾠfurniture.	 ﾠ	 ﾠ	 ﾠ
Our	 ﾠstudy	 ﾠalso	 ﾠonly	 ﾠassessed	 ﾠmen	 ﾠof	 ﾠa	 ﾠcertain	 ﾠage,	 ﾠand	 ﾠno	 ﾠone	 ﾠwho	 ﾠhas	 ﾠbeen	 ﾠusing	 ﾠa	 ﾠstanding	 ﾠdesk	 ﾠ
of	 ﾠany	 ﾠkind.	 ﾠWe	 ﾠdo	 ﾠnot	 ﾠknow,	 ﾠtherefore,	 ﾠif	 ﾠthere	 ﾠmay	 ﾠbe	 ﾠeither	 ﾠa	 ﾠgender	 ﾠor	 ﾠa	 ﾠpractice	 ﾠeffect.	 ﾠ	 ﾠ
With	 ﾠrespect	 ﾠto	 ﾠpractice	 ﾠeffect,	 ﾠstanding	 ﾠdoes	 ﾠrequire	 ﾠmore	 ﾠsensory-ﾭ‐motor	 ﾠcoordination	 ﾠ(and	 ﾠso	 ﾠ
more	 ﾠenergy)	 ﾠthan	 ﾠsitting.	 ﾠWe	 ﾠare	 ﾠrunning	 ﾠa	 ﾠpilot	 ﾠstudy	 ﾠto	 ﾠsee	 ﾠif	 ﾠpracticed	 ﾠdesk-ﾭ‐standers	 ﾠclose	 ﾠthe	 ﾠ
gap	 ﾠon	 ﾠthe	 ﾠcomplex	 ﾠattention	 ﾠtask,	 ﾠor	 ﾠif	 ﾠthat	 ﾠtask	 ﾠwill	 ﾠalways	 ﾠcause	 ﾠsuch	 ﾠa	 ﾠdifference	 ﾠpotentially	 ﾠ
because	 ﾠof	 ﾠthis	 ﾠhigher	 ﾠenergy	 ﾠor	 ﾠattention	 ﾠdemand	 ﾠfor	 ﾠbalance/vestibular	 ﾠcoordination.	 ﾠ
Finally,	 ﾠour	 ﾠstudy	 ﾠonly	 ﾠlooked	 ﾠat	 ﾠthe	 ﾠcourse	 ﾠgrained	 ﾠsingle	 ﾠfactor	 ﾠtests	 ﾠfor	 ﾠCEF.	 ﾠWhile	 ﾠthe	 ﾠareas	 ﾠof	 ﾠ
the	 ﾠbrain	 ﾠfor	 ﾠCEF	 ﾠand	 ﾠcreativity	 ﾠare	 ﾠapparently	 ﾠthe	 ﾠsame	 ﾠ(Dietrich	 ﾠ2004),	 ﾠ	 ﾠtests	 ﾠto	 ﾠassess	 ﾠcreativity	 ﾠ
in	 ﾠparticular	 ﾠare	 ﾠquite	 ﾠdistinct	 ﾠfrom	 ﾠthose	 ﾠjust	 ﾠfor	 ﾠCEF.	 ﾠIt	 ﾠmay	 ﾠbe	 ﾠthat	 ﾠstanding,	 ﾠsitting,	 ﾠlounging,	 ﾠ
walking	 ﾠall	 ﾠhave	 ﾠdifferent	 ﾠeffects	 ﾠon	 ﾠcreativity	 ﾠassessments.	 ﾠ	 ﾠ
6.	 ﾠFUTURE	 ﾠWORK	 ﾠ
In	 ﾠthis	 ﾠinitial	 ﾠstudy	 ﾠwe	 ﾠhave	 ﾠseen	 ﾠthat	 ﾠfor	 ﾠhighly	 ﾠabstracted	 ﾠtasks	 ﾠdesigned	 ﾠto	 ﾠassess	 ﾠvery	 ﾠspecific	 ﾠ
areas	 ﾠof	 ﾠcognitive	 ﾠfunction,	 ﾠself-ﾭ‐positioning	 ﾠhas	 ﾠan	 ﾠeffect	 ﾠon	 ﾠperformance.	 ﾠIn	 ﾠthe	 ﾠdiscussion,	 ﾠabove,	 ﾠ
we	 ﾠ have	 ﾠ postulated	 ﾠ real	 ﾠ world	 ﾠ interactions	 ﾠ where	 ﾠ these	 ﾠ findings	 ﾠ may	 ﾠ initially	 ﾠ be	 ﾠ applied	 ﾠ and	 ﾠ
evaluated.	 ﾠ	 ﾠ
These	 ﾠtasks	 ﾠwill	 ﾠstill	 ﾠlikely	 ﾠrepresent	 ﾠwhat	 ﾠwe	 ﾠmight	 ﾠcall	 ﾠmicro	 ﾠecologically	 ﾠvalid	 ﾠinteractions	 ﾠfor	 ﾠ
cognitive	 ﾠperformance.	 ﾠThe	 ﾠmacro	 ﾠtasks	 ﾠ–	 ﾠsuch	 ﾠas	 ﾠwriting	 ﾠa	 ﾠpaper	 ﾠ–	 ﾠmay	 ﾠinvolve	 ﾠfar	 ﾠmore	 ﾠfluid	 ﾠ
transitions	 ﾠbetween	 ﾠseated,	 ﾠstanding,	 ﾠreclining,	 ﾠshowering,	 ﾠwalking	 ﾠself-ﾭ‐positionings,	 ﾠall	 ﾠwhile	 ﾠstill	 ﾠ
absorbed	 ﾠto	 ﾠvarying	 ﾠdegrees	 ﾠin	 ﾠa	 ﾠtask.	 ﾠ	 ﾠ
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A	 ﾠfuture	 ﾠwork	 ﾠchallenge	 ﾠin	 ﾠwhich	 ﾠwe	 ﾠare	 ﾠparticularly	 ﾠinterested	 ﾠis	 ﾠhow	 ﾠwe	 ﾠcan	 ﾠboth	 ﾠunderstand	 ﾠ
cognitive	 ﾠperformance	 ﾠstates,	 ﾠmonitor	 ﾠthese,	 ﾠreflect	 ﾠthese	 ﾠback	 ﾠto	 ﾠpeople,	 ﾠand	 ﾠhelp	 ﾠthem	 ﾠaction	 ﾠ
choices	 ﾠto	 ﾠtune	 ﾠtheir	 ﾠperformance.	 ﾠAnother	 ﾠpart	 ﾠof	 ﾠproviding	 ﾠfeedback	 ﾠis	 ﾠto	 ﾠunderstand	 ﾠwhere	 ﾠ
design	 ﾠitself	 ﾠmay	 ﾠsimply	 ﾠbetter	 ﾠfacilitate	 ﾠconsistently	 ﾠbetter	 ﾠcognitive	 ﾠperformance	 ﾠfor	 ﾠa	 ﾠgiven	 ﾠset	 ﾠ
of	 ﾠprocesses.	 ﾠ	 ﾠ
New	 ﾠkinds	 ﾠof	 ﾠpervasive	 ﾠand	 ﾠperipheral	 ﾠmonitoring	 ﾠfrom	 ﾠheart	 ﾠ(Mark,	 ﾠVoida,	 ﾠand	 ﾠCardello	 ﾠ2012)	 ﾠto	 ﾠ
breath	 ﾠ(Moraveji	 ﾠet	 ﾠal.	 ﾠ2011)	 ﾠto	 ﾠemotive	 ﾠstate	 ﾠ(McDuff	 ﾠet	 ﾠal.	 ﾠ2012)	 ﾠfor	 ﾠinstance,	 ﾠmay	 ﾠblend	 ﾠwith	 ﾠ
significantly	 ﾠdifferent	 ﾠtypes	 ﾠof	 ﾠdisplay	 ﾠthat	 ﾠsupport	 ﾠan	 ﾠeasy	 ﾠand	 ﾠeffortless	 ﾠtransition	 ﾠfrom	 ﾠsitting	 ﾠat	 ﾠa	 ﾠ
screen	 ﾠto	 ﾠstanding	 ﾠat	 ﾠa	 ﾠwall.	 ﾠ	 ﾠ
7.	 ﾠCONCLUSION	 ﾠ	 ﾠ
This	 ﾠ paper	 ﾠ proposes	 ﾠ a	 ﾠ rationale	 ﾠ of	 ﾠ and	 ﾠ offers	 ﾠ experimental	 ﾠ support	 ﾠ for	 ﾠ HCI	 ﾠ designers	 ﾠ and	 ﾠ
researchers	 ﾠto	 ﾠconsider	 ﾠthe	 ﾠinclusion	 ﾠof	 ﾠself-ﾭ‐positioning	 ﾠas	 ﾠa	 ﾠcomponent	 ﾠof	 ﾠinteraction	 ﾠdesign.	 ﾠ	 ﾠThe	 ﾠ
paper	 ﾠoffers	 ﾠthree	 ﾠcontributions	 ﾠfor	 ﾠHCI	 ﾠresearch	 ﾠand	 ﾠdesign	 ﾠfollowing	 ﾠfrom	 ﾠthis	 ﾠposition.	 ﾠ
First,	 ﾠwe	 ﾠshow	 ﾠthat	 ﾠself-ﾭ‐positioning	 ﾠdoes	 ﾠhave	 ﾠa	 ﾠsignificant	 ﾠeffect	 ﾠon	 ﾠcomplex	 ﾠattention,	 ﾠa	 ﾠdomain	 ﾠ
area	 ﾠ of	 ﾠ cognitive	 ﾠ executive	 ﾠ functioning	 ﾠ that	 ﾠ has	 ﾠ particular	 ﾠ resonance	 ﾠ with	 ﾠ knowledge	 ﾠ working	 ﾠ
design.	 ﾠ
Second	 ﾠwe	 ﾠhave	 ﾠshown	 ﾠother	 ﾠCEF	 ﾠdomains	 ﾠlike	 ﾠcognitive	 ﾠflexibility	 ﾠand	 ﾠprocessing	 ﾠspeed,	 ﾠthe	 ﾠeffect	 ﾠ
of	 ﾠ position	 ﾠ is	 ﾠ non-ﾭ‐significant.	 ﾠ The	 ﾠ implications	 ﾠ for	 ﾠ design	 ﾠ here	 ﾠ have	 ﾠ particular	 ﾠ relevance	 ﾠ for	 ﾠ
interaction	 ﾠdesigns	 ﾠfrom	 ﾠlow	 ﾠlevel	 ﾠtarget	 ﾠacquisition	 ﾠtasks	 ﾠto	 ﾠglobal	 ﾠdesign	 ﾠlike	 ﾠself-ﾭ‐position	 ﾠfor	 ﾠ
optimal	 ﾠgame	 ﾠinteraction	 ﾠfor	 ﾠtrigger	 ﾠfiring.	 ﾠ	 ﾠ
Third,	 ﾠbased	 ﾠon	 ﾠthese	 ﾠinitial	 ﾠresults,	 ﾠwe	 ﾠhave	 ﾠshown	 ﾠthat	 ﾠthere	 ﾠis	 ﾠscope	 ﾠfor	 ﾠfurther	 ﾠwork	 ﾠin	 ﾠthis	 ﾠ
area.	 ﾠ To	 ﾠ this	 ﾠ end	 ﾠ we	 ﾠ have	 ﾠ proposed	 ﾠ a	 ﾠ research	 ﾠ agenda	 ﾠ sketch	 ﾠ in	 ﾠ Future	 ﾠ Work	 ﾠ for	 ﾠ further	 ﾠ
exploration	 ﾠof	 ﾠbody-ﾭ‐brain	 ﾠinteraction	 ﾠfor	 ﾠdesign.	 ﾠ	 ﾠ
8. ACKNOWLEDGEMENTS 
This	 ﾠ work	 ﾠ is	 ﾠ funded	 ﾠ through	 ﾠ a	 ﾠ Royal	 ﾠ Academy	 ﾠ of	 ﾠ Engineering	 ﾠ Senior	 ﾠ Research	 ﾠ Fellowship,	 ﾠ co-ﾭ‐
sponsored	 ﾠby	 ﾠMicrosoft	 ﾠResearch,	 ﾠCambridge,	 ﾠUK	 ﾠ
9. REFERENCES 
Benford, Steve, Bill Gaver, Andy Boucher, Brendan Walker, Sarah Pennington, Albrecht Schmidt, 
Hans Gellersen, et al. 2005. “Expected, sensed, and desired.” ACM Transactions on Computer-
Human Interaction 12 (1) (March 1): 3-30.   
Chalmers, M, and A Galani. 2004. Seamful interweaving: heterogeneity in the theory and design of 
interactive  systems.  In  Proceedings  of  the  5th  conference  on  Designing  interactive  systems 
processes practices methods and techniques, 243-252. ACM Press.  
Chan, Raymond C K, David Shum, Timothea Toulopoulou, and Eric Y H Chen. 2008. “Assessment 
of executive functions: review of instruments and identification of critical issues.” Archives of clinical 
neuropsychology  : the official journal of the National Academy of Neuropsychologists 23 (2) (March 
1): 201-16.   
Dietrich, Arne. 2004. “The cognitive neuroscience of creativity.” Psychonomic bulletin & review 11 
(6) (December): 1011-26.   
Dillon,  Andrew.  2001.  “Beyond  Usability  :  Process  ,  Outcome  and  Affect  in  human  computer 
interactions.” Canadian Journal of Information Library Sciences 26 (4): 57.   
Dourish, Paul. 2001. Where the Action Is: The Foundations of Embodied Interaction. Cambridge: 
MIT Press, October 1.   
Eskes, Gail A., Stewart Longman, Allison D. Brown, Carly A. McMorris, Kristopher D. Langdon, 
David B. Hogan, and Marc Poulin. 2010. “Contribution of Physical Fitness, Cerebrovascular Reserve 
and Cognitive Stimulation to Cognitive Function in Post-Menopausal Women.” Frontiers in Aging 
Neuroscience 2 (January): 137.   Are You Sitting Down 
schraefel/Jay 
Tech report, Electronics and Computer Science, U Southampton, Eprints ID 340535 12 
George, D T, D J Nutt, W V Walker, S W Porges, B Adinoff, and M Linnoila. 1989. “Lactate and 
hyperventilation substantially attenuate vagal tone in normal volunteers. A possible mechanism of 
panic provocation?” Archives of general psychiatry 46 (2) (March): 153-6.  
Groth-Marnat, Gary. 2009. Handbook of Psychological Assessment. 5th ed. Wiley.  
Gualtieri,  C  Thomas,  and  Lynda  G  Johnson.  2006.  “Reliability  and  validity  of  a  computerized 
neurocognitive  test  battery,  CNS  Vital  Signs.”  Archives  of  clinical  neuropsychology  :  the  official 
journal of the National Academy of Neuropsychologists 21 (7) (October): 623-43.   
Hayano, J, Y Sakakibara, A Yamada, M Yamada, S Mukai, T Fujinami, K Yokoyama, Y Watanabe, 
and  K  Takata.  1991.  “Accuracy  of  assessment  of  cardiac  vagal  tone  by  heart  rate  variability  in 
normal subjects.” The American journal of cardiology 67 (2) (January 15): 199-204.   
Hedge, Alan. 2011. “Alternative workstations may be new but are they better?” (July 9): 190-198.   
Hillman,  Charles  H,  Robert  W  Motl,  Matthew  B  Pontifex,  Danielle  Posthuma,  Janine  H  Stubbe, 
Dorret I Boomsma, and Eco J C de Geus. 2006. “Physical activity and cognitive function in a cross-
section of younger and older community-dwelling individuals.” Health psychology  : official journal of 
the Division of Health Psychology, American Psychological Association 25 (6) (November): 678-87.   
John,  Dinesh,  David  Bassett,  Dixie  Thompson,  Jeffrey  Fairbrother,  and  Debora  Baldwin.  2009. 
“Effect of using a treadmill workstation on performance of simulated office work tasks.” Journal of 
physical activity & health 6 (5) (September): 617-24.   
Kounios, John, Jennifer L Frymiare, Edward M Bowden, Jessica I Fleck, Karuna Subramaniam, 
Todd B Parrish, and Mark Jung-Beeman. 2006. “The prepared mind: neural activity prior to problem 
presentation predicts subsequent solution by sudden insight.” Psychological science  : a journal of 
the American Psychological Society / APS 17 (10) (October 1): 882-90.   
Levine, James A, and Jennifer M Miller. 2007a. “The energy expenditure of using a ‘walk-and-work’ 
desk for office workers with obesity.” British journal of sports medicine 41 (9) (September): 558-61.   
———.  2007b.  “The  energy  expenditure  of  using  a  ‘walk-and-work’ desk for office workers with 
obesity.” British journal of sports medicine 41 (9) (September): 558-61.   
MacColl, Ian, Areti Galani, Chris Greenhalgh, Danius Michaelides, Tom Rodden, Ian Taylor, Mark 
Weal, et al. 2002. Shared visiting in EQUATOR city. In CVE 02 Proc 4th international conference on 
Collaborative virtual environments, 88-94. New York, New York, USA: ACM Press, September 30.   
Mark, Gloria J, Stephen Voida, and Armand V Cardello. 2012. “ A Pace Not Dictated by Electrons ”: 
An Empirical Study of Work Without Email. In ACM CHI. Austin, Texas: ACM. 
McDuff,  Daniel,  Ashish  Kapoor,  Amy  Karlson,  Mary  Czerwinski,  and  Asta  Roseway.  2012. 
AffectAura  : An Intelligent System for Affective Reflection. In ACM CHI, forthcoming. ACM. 
McGuffin,  Michael  J.,  and  Ravin  Balakrishnan.  2005.  “Fitts’  law  and  expanding  targets.”  ACM 
Transactions on Computer-Human Interaction 12 (4) (December 1): 388-422.  
Moraveji, Neema, Ben Olson, Truc Nguyen, Mahmoud Saadat, Yaser Khalighi, Roy Pea, and Jeffrey 
Heer. 2011. Peripheral paced respiration. In Proceedings of the 24th annual ACM symposium on 
User interface software and technology - UIST  ’11, 423. New York, New York, USA: ACM Press, 
October 16.  
Ohlinger, Christina M, Thelma S Horn, William P Berg, and Ronald Howard Cox. 2011. “The effect of 
active  workstation  use  on  measures  of  cognition,  attention,  and  motor  skill.”  Journal  of  physical 
activity & health 8 (1) (January): 119-25.  
Parkes, Amanda, Ivan Poupyrev, and Hiroshi Ishii. 2008. “Designing kinetic interactions for organic 
user interfaces.” Communications of the ACM 51 (6) (June 1): 58.   
Rapley, Mark. 2003. Quality of Life Research: A Critical Introduction. Sage Publications Ltd.   
Ratey, John J, and James E Loehr. 2011. “The positive impact of physical activity on cognition 
during adulthood: a review of underlying mechanisms, evidence and recommendations.” Reviews in 
the neurosciences 22 (2) (January 12): 171-85.   
Redström, Johan. 2008. “Tangled interaction.” ACM Transactions on Computer-Human Interaction 
15 (4) (November 1): 1-17.   
schraefel,  m.c.  2011.  Burn  the  Chair,  We’re  Wired  to  Move:  Towards  design  implications  for 
Innovation, creativity and discovery in HCI via Neural Science and Human Performance Studies. TR 
23069 http://eprints.ecs.soton.ac.uk/23069/. 
Shaer, Orit. 2009. “Tangible User Interfaces: Past, Present, and Future Directions.” Foundations and 
Trends® in Human–Computer Interaction 3 (1-2) (January 1): 1-137.   Are You Sitting Down 
schraefel/Jay 
Tech report, Electronics and Computer Science, U Southampton, Eprints ID 340535 13 
Singh-Manoux,  Archana,  Melvyn  Hillsdon,  Eric  Brunner,  and  Michael  Marmot.  2005.  “Effects  of 
physical activity on cognitive functioning in middle age: evidence from the Whitehall II prospective 
cohort study.” American journal of public health 95 (12) (December): 2252-8.   
Thimbleby, Harold. 2010. “Is IT a dangerous prescription?” BCS Interfaces 84: 5-10.   
Vicente,  Kim.  2004.  The  Human  Factor:  Revolutionizing  the  Way  People  Live  with  Technology. 
Routledge.   
Ware,  Colin.  2000.  Information  Visualization:  Perception  for  Design  (Interactive  Technologies). 
Morgan Kaufmann.   
Wickens, Christopher D, John D Lee, Yili Liu, and Sallie E Becker. 2004. An introduction to human 
Factors Enginnering. Ed. Lean Jewell. Wickens Christopher D Lee John D Liu Yili Becker Sallie E 
Gordon. Pearson Education,Inc. 
Wickens,  Christopher  D.,  and  Justin  G.  Hollands.  1999.  Engineering  Psychology  and  Human 
Performance (3rd Edition). Prentice Hall.   
Wilson,  Max  L.,  Alistair  Russell,  Daniel  A.  Smith,  and  m.c.  schraefel.  2006.  mSpace  Mobile: 
Exploring Support for Mobile Tasks. In The 20th BCS HCI Group conference in co-operation with 
ACM (HCI06). London: Springer, June 6.   
 